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A new  species  of  mealybug  (Insecta:  Homoptera:  Pseudococcidae) 

from  Western  Australia 

T.K.  Qin* 


Abstract 

The  adult  female  and  the  first  instar  nymph  of  Eucalyptococcus  hakeae  sp.  nov.  are 
described  and  illustrated.  The  genus  Eucalyptococcus  is  redefined  and  a key  to  the 
species  is  provided. 


Introduction 

A new  species  of  large  mealybug  (Homoptera:  Pseudococcidae)  was  collected  by 
Dr  T.F.  Houston  in  1979  from  the  stems  of  Hakea  sp.  (Proteaceae)  in  Western 
Australia.  The  adult  female  of  this  species  is  similar  to  those  oi  Eucalyptococcus 
Williams  and  Laminicoccus  Williams  and  most  species  of  Dysmicoccus  Ferris  in 
having  oral  collar  tubular  ducts  and  17  pairs  of  cerarii.  The  new  species  is  here 
placed  in  Eucalyptococcus  because  of  the  nature  of  the  cerarian  setae,  the  type  of 
oral  collar  duct  and  the  large  body  size  of  the  adult  female.  The  inclusion  of  the 
new  species  necessitates  a redefinition  of  the  genus  Eucalyptococcus,  which  is 
provided  here  together  with  a comparison  of  the  closely  related  genera  Dysmi- 
coccus  and  Laminicoccus  and  a key  to  the  species  of  Eucalyptococcus,  The  adult 
female  and  the  first  instar  nymph  of  Eucalyptococcus  hakeae  sp.  nov.  are  des- 
cribed and  illustrated. 


Methods 

The  preservation,  slide-mounting,  mensural  and  illustrative  methods  employed 
were  those  of  Gullan  (1984).  The  morphological  terminology  of  Williams  (1985) 
was  used  for  the  descriptions.  Structural  variation  was  recorded  as  the  range. 
Body  segments  are  referred  to  by  Roman  numerals,  e.g.  abdominal  segments 
1-Vll.  Each  figure  represents  a generalised  individual  based  on  all  of  the  specimens 
specified  in  the  description. 

All  the  specimens  are  deposited  in  the  Western  Australian  Museum  (WAM), 
Perth. 


* Present  address:  Department  of  Zoology,  The  Australian  National  University,  GPO  Box  4, 
Canberra,  ACT  2601. 

Permanent  address:  Department  of  Plant  Protection,  Guizhou  Agricultural  College,  Guiyang, 
Guizhou,  China. 
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A new  species  of  mealybug 


Systematics 

Eucalyptococcus  Williams,  1985 

Redefinition  (emendations  to  Williams’  [1985]  description  shown  by  an  asterisk) 

Adult  female:  Body  broadly  oval,  usually  large,  at  least  6 mm  long  and  often  as 
long  as  9 mm.  Cerarii  numbering  17  pairs,  all  on  sclerotised  areas.  Anal  lobe  and 
penultimate  cerarii  usually*  (not  always)  larger  than  anal  ring.  Anal  lobe  cerarii 
with  2 or  more  conical  setae.  Anterior  cerarii  with  varying  numbers  of  conical 
setae  but  always  more  than  2,  sometimes,  with  as  many  as  20.  Auxiliary  setae 
present  or  absent*.  Dorsal  setae  short  and  slender,  always  shorter  than  cerarian 
setae  except  on  posterior  abdominal  segments;  often  on  prominent  setal  bases. 
Ventral  oral  collar  ducts  present,  each  with  an  inner  flange-shaped  collar.  Dorsal 
tubular  ducts  absent  except  for  a few  near  posterior  cerarii.  Anal  ring  with  2 rows 
of  pores  and  6 setae,  mostly*  about  twice  as  long  as  diameter  of  anal  ring.  Tri- 
locular  pores  abundant.  Circulus  well  developed  or  absent*.  Legs  well  developed; 
claw  without  denticle.  Antennae  8-segmented. 

At  present,  the  distinction  between  Eucalyptococcus,  Dysmicoccus  and  Lamini- 
coccus  is  obscure  and  they  cannot  be  separated  on  any  single  character.  Instead  a 
combination  of  characters  is  required.  The  adult  female  of  Eucalyptococcus  differs 
from  Dysmicoccus  in  the  following  characters:  (i)  the  penultimate  and  anal  lobe 
cerarii  are  much  larger  in  area  than  the  anal  ring  except  in  E.  hakeae  which  has, 
however,  15-25  conical  setae  in  the  penultimate  and  anal  lobe  cerarii  in  contrast 
to  2 conical  setae  in  Dysmicoccus,  (ii)  some  or  all  anterior  cerarii  always  with 
more  than  6 conical  setae,  sometimes  as  many  as  20  (2-6,  rarely  more  \n  Dysmi- 
coccus), and  (iii)  oral  collar  ducts  with  an  inner  flange-rhaped  collar  (flange 
absent  in  Dysmicoccus). 

Eucalyptoccus  differs  from  Laminicoccus  in:  (i)  the  large  body  size,  (ii)  having 
the  dorsal  setae  mainly  shorter  than  the  conical  cerarian  setae,  (iii)  having  all  the 
cerarii  on  a sclerotised  area,  and  (iv)  possessing  auxiliary  setae  except  in  E.  hakeae 
in  which,  however,  the  anal  lobe  cerarii  are  almost  the  same  size  as  the  anal  ring 
and  the  penultimate  cerarii  are  smaller  than  the  anal  ring.  In  Laminicoccus,  the 
penultimate  and  anal  lobe  cerarii  are  usually  larger  than  the  anal  ring. 

Because  species  of  Eucalyptococcus,  Dysmicoccus  and  Laminicoccus  are  closely 
related,  study  of  the  males  and  immatures  of  the  species  of  these  three  genera  will 
be  necessary  to  help  elucidate  the  phylogenetic  relationships. 


Key  to  species  oi  Eucalyptococcus 
(amended  from  Williams  1985) 

1 Anal  lobe  cerarii  each  with  2 conical  setae 2 

- Anal  lobe  cerarii  each  with  more  than  2 conical  setae 3 

2 Penultimate  cerarii  each  with  2 conical  setae;  anterior  cerarii  each  with  3-7 

conical  setae lobulatus  (Maskell) 
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- Penultimate  cerarii  each  with  about  8 conical  setae  of  different  sizes;  anterior 

cerarii  each  with  7-11  conical  setae,  never  with  fewer  than  7 

brookesae  Williams 

3 Anal  lobe  and  penultimate  cerarii  each  much  larger  than  anal  ring  and  with 
auxiliary  setae ,gisleni  (Ossiannilsson) 

- Anal  lobe  cerarii  almost  same  size  as  anal  ring  and  penultimate  cerarii  noticeably 

smaller  than  anal  ring,  each  without  any  auxiliary  setae hakeae  sp.  nov. 


Eucalyptococcus  hakeae  sp.  nov. 
Figures  1-2 


Holotype 

WAM  (86/221),  adult  9,  on  stems  of  Hakea  sp.  (Proteaceae),  2 km  WNW  of  Woolbernup  Hill, 
34°01  S,  1 19°41^E,  Western  Australia,  29-30  November  1979,  T.F.  Houston  298-8. 

Paratypes 

WAM  (86/222-225),  4 adult  99  slide-mounted,  same  data  as  holotype. 

Other  material  examined 

WAM  (86/226-228),  3 adult  99  in  alcohol:  12  first  instar  nymphs  slide-mounted,  ex  WAM 
(86/221-228),  same  data  as  holotype. 

Diagnosis 

Adult  females  of  Eucalyptococcus  hakeae  can  be  distinguished  from  those  of 
other  species  of  Eucalyptococcus  by:  the  anal  lobe  cerarii  being  almost  the  same 
size  as  the  anal  ring,  the  penultimate  cerarii  being  much  smaller  than  the  anal 
ring,  and  all  the  cerarii  lacking  auxiliary  setae.  Moreover,  the  host  plant  is  Hakea 
instead  of  Eucalyptus  (Myrtaceae). 

Description 

Adult  female  (based  on  5 slide-mounted  specimens.  Figure  1) 

Body  broadly  oval,  6. 0-6. 6 mm  long,  4. 5-4. 9 mm  wide.  Anal  lobes  poorly 
developed,  each  with  an  apical  seta  about  170  jum  long  and  an  elongate  angulate 
area  of  sclerotisation  arising  from  sclerotisation  around  apex.  Antennae  slender, 
8-segmented,  850-1040  long;  apical  segment  130-160  ^ni  long  with  18-28 
setae  20-50  /ini  long.  Eyes  prominent,  30-45  fim  in  diameter.  Clypeolabral  shield 
290-320  /im  long.  Labium  250-280  /im  long.  Legs  well  developed;  hind  trochanter 
+ femur  756-825  /im  long;  hind  tibia  + tarsus  810-880  /im  long,  always  longer 
than  trochanter  + lemur;  claw  40-55  /im  long.  Translucent  pores  numerous  on 
entire  hind  femur,  less  on  hind  tibia.  Circulus  absent.  Ostioles  well  developed,  with 
inner  edges  of  lips  sclerotised.  Anterior  ostioles  with  3-7  setae  and  14-23  trilocular 
pores  on  anterior  lip,  8-12  setae  and  25-42  trilocular  pores  on  posterior  lip.  Pos- 
terior ostioles  with  12-18  setae  and  38-50  trilocular  pores  on  anterior  lip,  8-10 
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setae  and  30-45  trilocular  pores  on  posterior  lip.  Anal  ring  oval  or  elongate  oval, 
200-240  /xm  long  and  158-166  fxm  wide,  with  6 setae  135-215  /xm  long  and  2 
rows  of  pores.  Cerarii  numbering  17  pairs,  all  on  distinctive  sclerotised  areas,  with 
conical  setae  and  trilocular  pores  only.  Anal  lobe  cerarii  each  on  an  almost  rec- 
tangular area,  180-250  /xm  long  and  138-213  /xm  wide,  almost  same  size  as  anal 
ring,  with  15-24  conical  setae  of  different  sizes  (15-45  fjLxn  long)  and  135-195 
trilocular  pores.  Penultimate  cerarii  each  on  an  almost  circular  area,  105-123  /xm 
long  and  110-150  /xm  wide,  noticeably  smaller  than  anal  ring,  with  18-25  conical 
setae  of  different  sizes  (13-35  /xm  long)  and  85-99  trilocular  pores.  Anterior 
cerarii  all  almost  circular,  each  8-19  conical  setae  and  20-57  trilocular  pores. 


Figure  1 Adult  female  of  Eucalyptococcus  hakeae  sp.  nov.  Scale  line,  0.5  mm. 


4 


T.K.  Qin 


Dorsal  surface  with  short  pointed  setae  10-23  jim  long  except  on  abdominal 
segments  VIII-IX  where  some  setae  38-40  ium  long.  Each  seta  with  a short  pro- 
minent base.  Trilocular  pores  about  6 fim  in  diameter,  evenly  distributed  but  more 
numerous  in  band  around  body  margin  and  on  posterior  abdominal  segments. 
Discoidal  pores  about  2 fJ.m  in  diameter,  sparse.  Oral  collar  tubular  ducts  absent. 

Ventral  surface  with  setae  of  different  sizes:  short  pointed  setae  13-25  /im 
long  on  entire  ventral  surface;  long  and  slender  setae  80-125  jum  long  mostly  in 
median  areas  but  towards  head  some  may  approach  160  /im  long;  cisanal  setae 
50-65  /im  long.  Trilocular  pores  same  size  as  on  dorsum,  with  fairly  even  dis- 
tribution. Discoidal  pores  same  size  as  on  dorsum,  sparse.  Multilocular  disc  pores 
(1-6)  behind  vulva  only,  about  10  jum  in  diameter.  Oral  collar  tubular  ducts 
situated  in  rows  across  abdominal  segments  V-VII,  each  about  same  diameter  as  a 
trilocular  pore  and  with  collar  flange-shaped. 


Figure  2 First  instar  nymph  of  Eucalyptococcus  hakeae  sp.  nov.  Scale  line,  0.05  mm. 
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First  instar  nymph  (based  on  5 slide-mounted  specimens,  Figure  2) 

Body  elongate  oval,  sides  subparallel,  0.59-0.62  mm  long,  0.25-0.28  mm  wide. 
Anal  lobes  well  developed,  each  with  an  apical  seta  75-100  /rm  long  but  no 
sclerotiscd  area.  Antennae  6-segmented,  250-280  idxn  long;  apical  segment  85-100 
^im  long  with  19-24  setae  18-48  iim  long.  Eyes  18-20  in  diameter.  Clypeolabral 
shield  100-110  juni  long.  Labium  80-100  ixm  long.  Legs  well  developed;  hind 
trochanter  + femur  138-159  jum  long;  hind  tibia  + tarsus  200-218  /im  long,  always 
longer  than  trochanter  + femur;  claw  23-28  iim  long.  Circulus  very  large,  broadly 
oval,  47-60  jum  long  and  88-125  jam  wide,  divided  by  intersegmental  line.  Ostioles 
with  inner  edges  of  lips  very  slightly  sclerotised,  each  lip  with  0-1  setae  and  1-3 
(mostly  1)  trilocular  pores.  Anal  ring  43-45  ^m  in  diameter,  with  6 setae  63-95 
jum  long  and  2 rows  of  pores.  Cerarii  numbering  17  pairs,  all  unsclerotised,  each 
represented  by  a pair  of  conical  setae  8-23  ^m  long  with  1-2  (mostly  1)  trilocular 
pores. 

Dorsal  surface  with  short  setae  8-13  jum  long.  Four  setae  and  6 trilocular  pores 
about  4 /tm  in  diameter  on  each  segment,  longitudinally,  forming  4 rows  of  setae 
and  6 rows  of  trilocular  pores. 

Ventral  surface  with  setae  longer  than  on  dorsum,  13-33  pm  long  except  a few 
50-63  pm  long  on  head.  Six  setae  and  2 trilocular  pores,  same  size  as  on  dorsum, 
on  each  of  abdominal  segments  III-VIl;  fewer  setae  and  fewer  trilocular  pores  on 
thoracic  segments;  3 pairs  of  long  setae  and  4 trilocular  pores  on  head.  Discoidal 
pores  about  half  size  of  trilocular  pores,  1 on  submarginal  area  of  each  side  of 
abdominal  segments  IV-VIL 
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Redescription  of  the  holotypes  of  Vincentia  conspersa 
(Klunzinger,  1872)  diwA  Apogon  punctatus  Klunzinger,  1879. 

(Pisces,  Apogonidae) 

O.  Gon* 


Abstract 

The  holotypes  of  Vincentia  conspersa  (Klunzinger,  1872)  and  Apogon  punctatus 
Klunzinger,  18  79  were  rediscovered  during  a visit  to  the  Stuttgart  Museum  of 
Natural  History,  West  Germany.  The  holotype  of  each  species  is  identified  from 
amongst  the  specimens  found  in  Klunzinger’s  collection.  Descriptions  based  on 
the  holotypes  are  provided.  Hobson  Bay  is  confirmed  as  the  type  locality  of  V 
conspersa. 


Introduction 

In  1869,  upon  returning  to  Germany  from  a five-year  trip  to  Koseir,  on  the  coast 
of  the  Red  Sea,  Dr  Klunzinger  was  given  a job  in  the  Stuttgart  Museum.  During 
the  years  1869-1872,  as  he  worked  on  his  collections  from  the  Red  Sea  and  pub- 
lished his  book  Synopsis  der  fische  des  Rothen  Meeres  (1870),  he  also  examined 
collections  of  fishes  from  South  Australia.  These  fishes  were  collected  b\  Dr  v. 
Muller,  the  director  of  the  botanical  gardens  in  Melbourne,  Australia,  who  donated 
them  to  the  Koniglich  Naturaliencabinet  in  Stuttgart.  Klunzinger  published  the 
results  of  his  studies  on  Australian  species  in  two  papers,  one  in  1872  and  the  other 
after  returning  from  his  second  trip  to  the  Red  Sea,  in  1879.  Among  the  numerous 
new  species  described  in  these  papers  were  two  apogonid  species,  Apogon  con- 
spersus  Klunzinger,  1872  and  Apogoji  punctatus  Klunzinger,  1879.  McCulloch 
(1929)  kept  both  species  in  the  genus  Apogon  Lacepede,  1801.  He  included  the 
genus  Vincentia  Castelnau,  1872,  in  the  synonymy  of  Apogon  and  made  I'. 
waterhousii  Castelnau,  1872  a synonym  of  .4.  conspersus.  Munro  (1960)  synony- 
mised  A.  conspersus  with  Vincentia  novaehoUandiae  (Valenciennes,  1832)  and 
moved  .4.  punctatus  into  genus  Gronovichthys  Whitley,  1929.  Fraser  (1972) 
recognised  .4.  conspersus  as  a valid  species  within  the  genus  Vincentia. 

Methods  follow  Gon  (1986).  The  descriptions  below  are  based  on  the  holotypes 
of  the  species.  Data  in  parenthesis  refer  to  other  specimens  found  in  Klunzinger’s 
collection  and  are  given  only  when  different  from  holotype.  Fhe  specimens  used 
in  this  study  are  housed  in  the  Stuttgart  Museum  of  Natural  History  (SMNH), 
Stuttgart,  West  Germany. 


* JLB  Smith  Institute  of  Ichthyology,  Private  Bag  1015,  Grahamstown  6140,  South  Africa. 
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Redescription  of  apogonid  holotypes 


Systematics 

Vincentia  conspersa  (Klunzinger,  1872) 

Table  1 

Apogon  conspersus  Klunzinger,  1872:  18;  Hobson  Bay. 

Material 

Holotype 

. SMNH  1591,  89.5  mm  SL,  Australia,  Melbourne,  Hobson  Bay,  coll,,  von  Muller,  1868, 

Other  specimens 

SMNH  ex-1591,  53.5  mm  SL,  locality  as  for  holotype;  SMNH  1711/1799,  4:  74.7-97.3  mm 
SL,  Australia,  Victoria,  Port  Phillip,  coll.,  von  Muller,  1870  and  1877. 

Description 

Dorsal  fin  rays  VII  (\TI~VIII)  + 1,10  (9-10);  anal  fin  rays  11,10  (9-9);  last  dorsal 
and  anal  rays  sometimes  split  to  base;  pectoral  fin  rays  15  (15-1 6); principal  caudal 
rays  9+8;  pored  lateral-line  scales  27;  scales  between  lateral-line  and  dorsal  fin 
origin  2;  scales  between  lateral-line  and  anal  fin  origin  7 (6-7);  predorsal  scales 
(1-3);  branchiostegal  rays  7 ; gill  rakers  5 + 13  (4-5)  + (1 1-13);  developed  gill  rakers 
10  (9-1 1); vertebrae  10  + 15. 

Measurements  expressed  as  a percentage  of  SL  are  given  in  Table  1.  Body  depth 
2.2  (2. 3-2. 7)  and  head  length  2.5  (2. 6-2. 8)  in  SL;  body  width  1.9  (2. 0-2.4)  in  its 
depth;  snout  length  5.9  (4. 8-6. 3),  eye  diameter  3.0  (2. 8-3.0)  and  interorbital  space 
3.5  (3. 1-3.6)  in  head  length;  upper  jaw  1.8  ( 1.7-1. 9)  and  lower  Jaw  1.5  (1.4- 1.6)  in 
head  length;  caudal  peduncle  depth  1.2  (1.3-1. 7)  in  the  length  and  the  length 
4.7  (3. 9-4. 5)  in  SL.  Maxilla  reaching  posteriorly  beyond  rear  edge  of  pupil,  partly 
covered  by  suborbital  bone;  a polyserial  band  of  small,  conical  teeth  on  both  jaws; 
upper  jaw  band  wider,  its  outer  row  teeth  larger;  teeth  at  symphysis  of  lower  jaw 
sometimes  slightly  enlarged;  vomer  with  a narrow  band  of  smaller  teeth;  palatines 
with  1-3  rows  of  minute  teeth  tapering  posteriorly  to  a single  row;  post-temporal 
bone  smooth  or  with  few  minute  serrae. 

In  alcohol:  general  colour  brown;  body  and  head  covered  with  small  spots; 
centre  of  scales  under  lateral-line  with  a cluster  of  larger  spots;  first  dorsal  fin  dark 
brown  with  a black  tip;  pelvic  fins  dark;  pectoral  fins  pale;  other  fins  dusky; 
peritoneum  silvery  with  dark  spots;  intestine  pale. 

Remarks 

One  specimen  had  an  unusally  short  first  dorsal  spine  (5.0  times  in  second 
spine). 

McCulloch’s  (1929)  doubt  whether  Hobson  Bay  is  the  type  locality  of  Vin- 
centia conspersa  was  justified.  No  locality  was  given  by  Klunzinger  (1872)  in 
his  original  description  of  this  species.  However,  in  his  second  work  on  Australian 
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Table  1 Proportional  measurements  (expressed  as  percentage  of  SL)  and  counts  of  the 
holotype  and  four  other  Klunzinger  specimens  of  Vincentia  conspersa  (Klunzinger, 
1872). 


Holotype 
SMNH  1591 

Other  specimens 
SMNH  1711/1799 

Standard  length  (mm) 

89.5 

97.3 

76.2 

75.7 

74.7 

Total  length  (mm) 

106.5 

121.4 

94.0 

* 

* 

Length  of  head  (mm) 

35.6 

34.5 

29.7 

29.6 

29.1 

Depth  of  body 

45.0 

36.7 

41.8 

43.3 

43.3 

Width  of  body 

23.2 

18.3 

20.5 

19.3 

18.3 

Head  length 

39.8 

35.4 

39.0 

39.1 

39.0 

Snout  length 

6.7 

7.4 

6.9 

7.3 

6.1 

Eye  diameter 

13.0 

11.4 

13.4 

13.3 

13.7 

Interorbital  width 

11.3 

11.4 

11.1 

10.8 

11.9 

Length  of  upper  jaw 

21.6 

20.5 

20.8 

21.5 

20.9 

Length  of  lower  jaw 

26.0 

24.7 

24.7 

24.8 

24.6 

Length  of  1st  dorsal  fin  base 

17.1 

16.1 

14.9 

17.0 

19.7 

Length  of  1st  dorsal  spine 

5.1 

5.3 

2.4 

4.5 

Length  of  2nd  dorsal  spine 

12.4 

14.2 

12.7 

11.9 

12.9 

Length  of  longest  dorsal  spine 

24.1 

22.3 

26.2 

24.7 

27.0 

Length  of  2nd  dorsal  fin  base 

17.3 

13.9 

16.3 

14.6 

16.1 

Length  of  2nd  dorsal  fin  spine 

17.4 

17.2 

19.7 

18.2 

19.0 

Length  of  longest  dorsal  ray 

** 

22.9 

♦ ♦ 

27,6 

Length  of  anal  fin  base 

14.2 

15.9 

15.2 

15.4 

14.8 

Length  of  1st  anal  spine 

5.9 

7.0 

4.7 

6.1 

6.4 

Length  of  2nd  anal  spine 

13.3 

14.4 

15.0 

14.5 

16.3 

Length  of  longest  anal  ray 

23.1 

20.2 

5}c 

sfc* ** 

♦ * 

Length  of  pectoral  fin 

25.3 

23.2 

26.2 

25.2 

25.9 

Length  of  pelvic  fin 

30.6 

28.0 

29.0 

30.0 

30.6 

Length  of  pelvic  spine 

18.8 

17.9 

20.1 

19.1 

19.7 

Depth  of  caudal  peduncle 

17.2 

14.9 

16.7 

16.9 

15.1 

Length  of  caudal  peduncle 

21.2 

25.2 

22.0 

22.8 

25.6 

Snout  to  1st  dorsal  fin 

44.8 

42.7 

43.4 

43.1 

43.0 

Snout  to  2nd  dorsal  fin 

64.9 

60.9 

62.0 

60.9 

61.2 

Snout  to  anal  fin 

65.8 

66.8 

64.8 

64.2 

64.1 

Snout  to  pelvic  fin 

38.0 

36.9 

39.2 

38.7 

40.4 

First  doral  fin 

VII 

VII 

VII 

VII 

VIII 

Second  dorsal  fin 

1,10 

1,9 

1,9 

1,9 

1,10 

Anal  fin 

11,10 

11,9 

11,9 

11,9 

11,9 

Pectoral  fin  (both  sides) 

15 

15 

16 

15 

15 

Lateral-line  scales  (total) 

27 

27 

27 

27 

27 

Developed  gill-rakers 

10 

10 

11 

11 

9 

* Most  of  caudal  fin  missing, 

**  Broken. 
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fishes  (Klunzinger  1879),  two  localities  are  mentioned,  namely  Port  Phillip  and 
Hobson  Bay.  My  choice  of  Hobson  Bay  as  the  type  locality  arises  from  my 
decision  concerning  the  holotype  of  this  species.  Two  lots  of  fish  labelled  as 
Apogon  conspersus  were  found  in  the  Stuttgart  Museum  of  Natural  History.  The 
one  from  Port  Phillip  was  dated  1870/1877  and  contained  four  specimens  that 
apparently  were  collected  at  this  locality  on  two  separate  occasions.  The  largest 
of  the  four,  121.4  mm  TL,  is  the  closest  to  the  maximum  size  given  by  Klunzinger 
(1879).  Of  the  other  three,  two  have  lost  most  of  their  caudal  fin.  The  third,  with 
only  the  tips  of  the  caudal  fin  rays  missing,  measured  94.0  mm  TL.  Since  all  three 
were  more  or  less  of  the  same  standard  length  (Table  1),  they  meet  the  minimum 
of  the  range  (Klunzinger  1879).  The  specimen/s  collected  in  1870  seem  to  have 
reached  Klunzinger’s  hands  either  too  late  to  be  included  in  his  1872  work  or 
together  with  those  collected  in  1877.  The  other  lot  from  Hobson  Bay,  was  dated 
1868  and  contained  two  specimens  of  which  the  larger  one,  106.5  mm  TL,  was  the 
closest  to  the  size  given  by  Klunzinger  (1872).  I assume  that  this  specimen  was 
used  by  Klunzinger  to  describe  this  species,  thus  representing  the  holotype  of 
Vincentm  conspersa  (Klunzinger,  1872).  The  second  specimen  in  this  lot,  about 
65  mm  TL,  is  much  smaller  than  all  the  other  specimens  and  does  not  fit  in  the 
range  given  by  Klunzinger  (1879),  This  specimen  was  apparently  collected  in 
Hobson  Bay,  but  arrived  in  Stuttgart  probably  after  the  1879  paper  had  been 
published. 

Ai  least  five  nominal  apogonid  species  have  been  associated  with  the  genus 
Vincentia  (Munro  1960;  Scott  1964).  Two  of  these,  V.  novaehollandiae  and 
V.  conspersa,  were  recognised  by  Fraser  (1972)  who  found  the  eighth  dorsal 
spine  to  be  partially  obscured  by  skin  and  scales  in  V.  novaehollandiae  and 
completely  obscured  in  V.  conspersa.  One  specimen  1 examined  had  eight  exposed 
spines  in  the  first  dorsal  fin  thus  showing  intraspecific  variation  with  regard  to 
the  length  and  exposure  of  the  eighth  spine  in  V.  conspersa. 


Apogon  punctatus  Klunzinger,  1879 
Table  2 

Apogon  punctatus  Klunzinger,  1879:  345,  pi.  3,  fig.  3;  King  George  Sound. 

Material 

Holotype 

SMNH  2541,  male,  102.5  mm  SL,  Western  Australia,  King  George  Sound,  von  Muller,  1878, 

Other  specimens 

SMNH  ex-2541,  110.5  mm  SL;  collection  data  as  for  holotype  (date  unknown,  see  remarks 
below). 
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Table  2 Proportional  measurements  expressed  as  percentage  of  SL  of  the  holotype  and  one 
other  Klunzinger  specimen  of  Apogon  punctatus  Klunzinger,  1879. 


Holotype 

SMNH  2541 

Other  specimen 

SMNH  ex-2541 

Standard  length  (mm) 

102.5 

110.5 

Total  length  (mm) 

128.6 

136.5 

Length  of  head  (mm) 

37.8 

41.0 

Depth  of  body 

37.6 

36.3 

Width  of  body 

18.7 

20.0 

Head  length 

36.9 

37.1 

Snout  length 

5.3 

5.7 

Eye  diameter 

13.1 

12.7 

Interorbital  width 

10.6 

11.1 

Length  of  upper  jaw 

20.4 

20.7 

Length  of  lower  jaw 

24.7 

23.7 

Length  of  1st  dorsal  fin  base 

19.8 

18.3 

Length  of  1st  dorsal  spine 

2.9 

2.9 

Length  of  2nd  dorsal  spine 

10.0 

9.9 

Length  of  longest  dorsal  spine 

24.1 

21.5 

Length  of  2nd  dorsal  fin  base 

16.0 

14.9 

Length  of  2nd  dorsal  fin  spine 

17.0 

16.1 

Length  of  longest  dorsal  ray 

24.9 

25.5 

Length  of  anal  fin  base 

14.2 

14.2 

Length  of  1st  anal  spine 

4.1 

4.7 

Length  of  2nd  anal  spine 

16.3 

15.5 

Length  of  longest  anal  ray 

22.4 

23.8 

Length  of  pectoral  fin 

23.4 

25.1 

Length  of  pelvic  fin 

29.0 

28.0 

Length  of  pelvic  spine 

18.8 

17.6 

Depth  of  caudal  peduncle 

13.8 

15.4 

Length  of  caudal  peduncle 

29.3 

27.8 

Snout  to  1st  dors^  fin 

41.6 

43.8 

Snout  to  2nd  dorsal  fin 

61.7 

61.8 

Snout  to  anal  fin 

61.3 

62.0 

Snout  to  pelvic  fin 

39.5 

37.1 

Description 

Dorsal  fin  rays  VIIH-1,10;  anal  fin  rays  11,10;  last  dorsal  and  anal  rays  some- 
times  split  to  base;  pectoral  fin  rays  15;  principal  caudal  rays  9+8;  pored  lateral- 
line scales  27;  scales  between  lateral-line  and  dorsal  fin  origin  2;  scales  between 
lateral-line  and  anal  fin  origin  6;  branchiostegal  rays  7;  gill-rakers  3 (4)  + 12;  dev- 
eloped gill-rakers  7 (8);  vertebrae  10  + 14. 

Measurements  expressed  as  a percentage  of  SL  are  given  in  Table  2.  Body 
depth  2.7  and  head  length  2.7  in  SL;  body  width  2.0  (1.8)  in  its  depth;  snout 
length  7.0  (6.5),  eye  diameter  2.8  (2.9)  and  interorbital  space  3.5  (3.3)  in  head 
length;  upper  jaw  1.8  and  lower  jaw  1.5  (1.6)  in  head  length;  caudal  peduncle 
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depth  2.1  (1.8)  in  its  length  and  the  length  3.4  (3.6)  in  SL.  Maxilla  reaching 
posteriorly  to  rear  edge  of  eye  or  slightly  beyond  it,  partly  covered  by  suborbital 
bone;  a wide  poly'serial  band  of  small,  conical  teeth  on  both  jaws,  vomer  and 
palatines;  teeth  at  symphysis  of  lower  jaw  enlarged.  Post-temporal  bone  serrated. 

In  alcohol:  general  body  colour  brown,  covered  with  minute  dark  spots;  a 
large,  dark  spot  just  above  the  tube  of  each  lateral-line  scale,  from  the  origin  of 
the  lateral-line  to  the  level  of  rear  end  of  second  dorsal  fin  base;  similar  spots 
present  on  scales  below  lateral-line,  mainly  on  anterior  part  of  body,  arranged  in 
no  particular  order;  first  dorsal  fin  dark,  its  anterior  three  spines  with  black  tips; 
second  dorsal  fin,  caudal  fin  and  anterior  half  of  pelvic  fins  dusky;  anal  and  pec- 
toral fins  pale;  peritoneum  silvery;  intestine  pale. 

Remarks 

The  two  specimens  of  Apogon  punctatus  used  in  this  study  were  originally 
found  in  the  same  lot.  The  smaller  specimen,  128.6  mm  TL,  is  the  closest  to  the 
size  given  by  Klunzinger  (1879)  and  is  considered  here  as  the  holotype  of  the 
species.  The  larger  specimen,  longer  than  136.5  mm  TL  (tips  of  caudal  rays 
broken),  was  apparently  collected  on  a separate  occasion  at  the  same  locality  as 
the  holotype  and  arrived  in  Stuttgart  Museum  after  Klunzinger’s  1879  paper  had 
been  published.  Although  originally  described  as  Apogon  punctatus,  having  eight 
exposed  spines  in  its  first  dorsal  fin  this  species  is  evidently  not  a member  of  the 
genus  Apogon.  Its  generic  status  is  currently  being  examined  by  Australian 
ichthyologists  (Allen,  pers.  comm.). 
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A new  troglobitic  schizomid  from  Cape  Range, 
Western  Australia  (Chelicerata:  Schizomida) 

Mark  S.  Harvey* 


Abstract 

The  first  described  Australian  schizomid,  Schizomus  vinei  sp.  nov.,  is  recorded  from 
two  caves  on  Cape  Range,  Western  Australia. 


Introduction 

The  earliest  published  record  of  an  Australian  member  of  the  order  Schizomida 
was  an  anonymous  note  published  in  1963  recording  Dr  T.E.  Woodward’s  1952 
exhibition  of  a schizomid  collected  from  south-eastern  Queensland  (Anon.  1963). 
The  next  paper  was  by  Main  (1980)  who  noted  the  presence  of  an  undescribed 
species  from  Cape  Range,  Western  Australia.  Since  that  time,  many  additional 
Australian  representatives  of  the  order  have  accumulated  in  museum  collections 
and  at  least  a dozen  species  await  description.  Most  are  found  in  tropical  or  sub- 
tropical regions  of  the  Northern  Territory  and  eastern  Queensland  ranging  as  far 
south  as  Brisbane.  The  sole  exception  is  the  Cape  Range  species  which  is  the  only 
known  cavernicolous  species  to  be  recorded  to  date  in  Australia. 

Due  to  its  extremely  localised  distribution  in  only  two  caves  on  the  Cape  Range, 
this  species  is  threatened  by  human  activities  such  as  pollution  (Vine  et  al.  1988). 
Although  a complete  revision  of  the  Australian  schizomid  fauna  is  desirable,  a 
description  of  the  Cape  Range  species  is  presented  here  to  facilitate  ecological  and 
conservation  work. 


Materials  and  methods 

The  specimens  examined  in  this  study  are  lodged  in  the  Western  Australian  Museum 
(WAM)  and  the  Museum  of  Victoria  (NMV).  Methods  follow  Reddell  and  Coken- 
dolpher  (1984),  except  for  the  examination  of  the  spermathecae  which  were 
cleared  in  lactic  acid.  Body  length  was  measured  from  the  anterior  margin  of  the 
carapace  to  the  posterior  margin  of  tergite  XIl.  Where  measurements  are  expressed 
as  a fraction,  the  numerator  refers  to  the  length  of  the  structure  and  the  denomi- 
nator refers  to  its  width. 


* Environmental  Records  Section,  Museum  of  Victoria,  71  Victoria  Crescent,  Abbotsford, 
Victoria  3067. 
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Systematics 


Family  Schizomidae  Hansen  and  Sorensen 
Schizomus,  Cook 
Schizomus  vinei  sp.  nov. 

Figures  1-9 


Holotype 

Male,  Shot  Pot  Cave,  C106,  Cape  Range,  Western  Australia,  30  May  1983,  M.  Newton  and 
B.  Alden  (WAM  87/987). 

Para  types 

Western  Australia,  Cape  Range 

1 male,  same  collection  data  as  holotype  (WAM  87/988).  3 females,  14  juveniles,  Shot  Pot 
Cave,  C106,  21  September  1983,  J.  Lowry  (WAM  84/182-188,  85/1229-1238).  2 females,  1 
juvenile  (without  abdomen),  Dry  Swallet  Cave,  C18,  20  May  1983,  B.  Vine,  M.  Griffiths,  A. 
Vine,  B.  Knott  (1  female  in  NMV  K746,  remainder  in  WAM  87/989-990).  1 juvenile,  “Spiral 
Cave”,  August  1962,  P.  Cawthorn  (WAM  87/991). 

Diagnosis 

Eye  spots  absent.  Three  pairs  of  dorsal  carapaccal  setae.  Male  flagellum  laterally 
compressed.  Female  spermathecae  with  paired  bifid  tubules  with  distal  pustules. 

Description 

Adults:  colour  yellow-brown.  Carapace  (Figures  1-2)  with  nine  setae,  two  on 
anterior  margin  one  just  posterior  to  these,  remainder  on  dorsum;  anterior  margin 
drawn  to  a sharply  downturned  point  between  chelicerae;  eye  spots  absent.  Meso- 
peltidia  broadly  separated.  Metapeltidia  divided.  Anterior  sternum  with  13-15 
setae,  two  of  these  long  and  anteriorly  directed;  posterior  sternum  triangular,  with 
6-8  setae.  Chaetotaxy  of  tergites  I-IX:  2:2:2:2:2:2:2:4:4.  Flagellum  of  male 
(Figures  8-9)  laterally  compressed,  3.53-3.60  times  longer  than  broad.  Flagellum  of 
female  (Figure  7)  three  segmented,  first  segment  slightly  longer  than  second,  third 
longest,  in  some  specimens  they  appear  totally  fused.  Spermathecae  (Figure  4) 
consisting  of  a pair  of  bifid  anteriorly  directed  tubules;  distally  with  2-4  pustules, 
shafts  evenly  covered  with  small  pores.  Pedipalp  (Figure  3):  without  sexual  dimor- 
phism; trochanter  with  sharply  produced  distal  extension,  ventral  margin  with 
stout  setae,  without  mesal  spur;  tibia  and  tarsus  lacking  spines,  claw  0.63  (d)  0.54- 
0.69  (9)  length  of  tarsus.  Chelicera  (Figures  5-6):  fixed  finger  with  two  large  teeth 
plus  five  smaller  teeth  between  these,  basal  tooth  with  1-2  small,  blunt,  lateral 
teeth,  distal  tooth  with  a small,  blunt,  lateral  tooth;  brush  at  base  of  fixed  finger 
composed  of  14  setae,  each  densely  pilose  in  distal  half;  lateral  surface  with  three 
large  lanceolate,  terminally  pilose  setae;  moveable  finger  file  composed  of  22  long 
lamellae,  blunt  guard  tooth  present  suhdistally.  Legs:  tarsus  of  leg  1 seven  seg- 
mented, even  though  individual  legs  occasionally  possess  only  six  segments;  femur 
IV  3.99-4.14  (d)  3.48-3.64  (9)  times  longer  than  wide. 
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Figures  1-2  Schizomus  vinei  sp.  nov.  1.  Holotype  male,  dorsal.  2.  Paratype  female,  WAM  87/ 
989,  dorsal.  Scale  line  = 2.00  mm. 
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Figures  3-9  Schizomus  vinei  sp.  nov.  3.  Left  pedipalp,  lateral,  holotype  male.  4.  Genitalia, 
ventral,  paratype  female,  WAM  84/182,  5,  Chelicera,  lateral,  paratype  female, 
NMV  K746.  6.  Detail  of  fixed  cheliceral  finger,  paratype  female,  NMV  K746. 
7.  Flagellum,  dorsal,  paratype  female,  WAM  87/989.  8.  Flagellum, dorsal,  holotype 
male.  9.  Flagellum,  lateral,  holotype  male.  Scale  line  = 1.00  mm  (Figures  3,  7-9), 
0.40  mm  (Figures  4,6),  0.80  mm  (Figure  5). 

Dimensions  (mm)  male  (female):  body  length  6.20-6.43  (5. 1 2-6.49);  pedipalp: 
trochanter  0.96-0.99  (0.96-1.33),  femur  1.03-1.08  (0.90-1.20),  patella  1.02  (0.90- 
1.29),  tibia  0.91-0.96  (0.87-1.18),  tarsus  0.48  (0.44-0.57),  claw  0.30  (0.27-0.33), 
total,  excluding  claw  4.45-4.48  (4.07-5.57);  carapace  1.74-1.89/1.02-1.10  (1.66- 
2.07/0.96-1.20);  leg  I:  trochanter  0.75-0.84  (0.66-0.84),  femur  2.83-3.01  (2.18- 
2.83),  patella  3.49-3.86  (2.87-3.49),  tibia  2.67-2.89  (2.51-2.83),  basitarsus 
0.75-0.78  (0.66-0.71),  tarsus  0.98-1.07  (0.73-0.93),  total  11.69-12.23  (9.75- 
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11.63);  leg  II:  trochanter  0.38-0.45  (0.36-0.48),  femur  1.76-1.83  (1.59-1.92), 
patella  0.93-1.02  (0.82-1.02),  tibia  1.35-1.47  (1.17-1.58),  basitarsus  0.98-1.05 
(0.87-1.02),  tarsus  0.67-0.72  (0.63-0.75),  total  6.07-6.57  (5.44-6.76);  leg  III: 
trochanter  0.42-0.54  (0.39-0.48),  femur  1.65  (1.35-1.77),  patella  0.77-0.79 
(0.65-0.78),  tibia  1.11-1.26  (0.99-1.32),  basitarsus  1.05-1.11  (0.92-1.1 7),  tarsus 
0.75-0.76  (0.69-0.81),  total  5.88-6.09  (5.01-6.11);  leg  IV:  trochanter  0.60-0.63, 
femur  2.61-2.67/0.63-0.67  (2.19-2.70/0.63-0.75),  patella  1.05  (0.84-1.02),  tibia 
1.86-2.01  (1.59-2.04),  basitarsus  1.73-1.74  (1.38-1.55),  tarsus  0.93-0.95  (0.78- 
0.96),  total  8.81-9.02  (7.34-8.76);  flagellum  0.67-0.72/0.19-0.20  (0.54-0.59). 

Etymology 

Schizomus  vinei  is  named  for  Brian  Vine,  who  has  studied  the  biology  of  this 
species  (Vine  a/.  1988). 

Remarks 

This  species  is  a good  member  of  the  genus  Schizomus  and  possesses  none  of 
the  characteristics  of  the  recently  diagnosed  genus  Trithyreus  Kraepelin  (Rowland 
and  Cokendolpher  1984)  which  has  been  confused  with  Schizomus  for  nearly  a 
century. 

Main  (1981)  considers  the  Australian  schizomid  fauna  to  be  part  of  an  “Old 
Northern  element”.  Presumably  the  group  entered  Australia  once  the  Australasian 
land-mass  drifted  close  enough  to  Asia  to  permit  faunal  exchange  by  island- 
hopping. The  affinities  of  S.  vinei  can  be  assessed  only  after  a full  appraisal  of  the 
remaining  undescribed  Australian  fauna,  as  well  as  the  Asian  fauna.  Unfortunately, 
the  female  genitalia  of  the  described  Asian  species  have  rarely  been  examined  and 
figured  by  authors.  The  spermathecae  of  S.  vinei  resemble  those  of  three  east  Asian 
species  including  S.  sauteri  Kraepelin,  and  further  resemble  one  of  these,  an  un- 
described species  from  Taiwan,  in  possessing  distal  pustules  (J.C.  Cockendolpher, 
pers.  comm.).  Although  the  male  of  the  undescribed  species  is  currently  unknown, 
males  of  S.  vinei  differ  from  those  of  the  other  two  species  by  the  shape  of  the 
flagellum. 

Although  this  species  does  not  possess  extremely  attenuate  appendages  and  pale 
colouration,  it  appears  that  it  is  a facultative  troglobite.  As  discussed  in  more 
detail  by  Vine  et  ai  (1988),  S.  vinei  has  only  been  authentically  recorded  from 
two  of  the  many  caves  in  Cape  Range.  The  true  locality  of  the  specimen  from 
“Spiral  Cave”  listed  above  (WAM  87/991)  is  unknown,  although  it  was  presumably 
taken  from  Shot  Pot  Cave  or  Dry  Swallet  Cave. 

recorded 
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Observations  on  the  environment  and  biology  of  Schizomus  vinei 
(Chelicerata:  Schizomida)  from  Cape  Range,  Western  Australia 


B.  Vine*,  B.  Knottf  and  W.F.  Humphreyst 


Abstract 

The  chelicerata  order  Schizomida  is  known  in  Western  Australia  by  a single  species, 
Schizomus  vinei  Harvey  1988,  from  only  two  caves  (Dry  Swallet  and  Shot  Pot)  in  the 
semiarid  Cape  Range  on  the  North  West  Cape  peninsula.  About  60  of  the  120  caves 
known  in  Cape  Range  have  been  examined  for  fauna  but  most  are  too  dry  to  sup- 
port cavernicoles.  The  number  of  S.  vinei  seen  in  caves  was  low  and  the  population 
comprised  predominantly  immature  individuals.  They  were  confined  to  areas  where 
the  relative  humidity  exceeded  90%.  Following  exceptionally  heavy'  rainfall  the 
chambers  flooded  to  a depth  of  27  m after  which  no  adult  schizomids  were  seen  for 
three  weeks  or  juveniles  for  three  months.  The  environment  and  microclimate  of 
the  area  are  described,  together  with  observations  on  the  biology  of  the  schizomids 
and  their  associated  fauna. 


Introduction 

The  arachnid  order  Schizomida  has  considerable  intrinsic  and  zoogeographic 
significance  but  little  is  known  of  the  general  biology  and  ecology  of  schizomids. 
They  are  considered  to  have  evolved  from  the  ancestral  stock  which  gave  rise  to 
spiders  (Araneae)  by  the  Devonian,  and  to  whip  scorpions  (Uropygi)  and  tailless 
whip  scorpions  (Amblypygi)  by  the  Carboniferous  (Savory  1977),  although  their 
meagre  fossil  record  commences  only  in  the  late  Tertiary  (? Pliocene;  Petrun- 
kevitch  1955).  Schizomids  arc  remarkably  conservative,  showing  little  mor- 
phological variation  even  between  continents  (Lawrence  1969).  Only  five  recent 
genera  are  recognised  within  two  families:  the  genus  Schizomus  contains  more 
than  70  species  while  the  remaining  four  genera  contain  only  seven  species  (Levi 
1982).  Systematic  knowledge  of  the  order  in  the  Ethiopian  (Lawrence  1969)  and 
the  Nearctic  and  Neotropical  (references  in  Rowland  and  Reddell  1981)  zoo- 
geographic regions  has  advanced  recently  but  only  one  species  of  Australian 
schizomid  has  been  described  (Harvey  1988). 
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Schizomids  are  widespread  in  Africa,  India,  south-east  Asia  through  to  northern 
Australia,  some  Indian  Ocean  and  Pacific  Islands  and  the  lower  latitudes  of  both 
American  continents  (Rowland  1975).  They  are  constrained  (by  virtue  of  their 
small  size  and  weakly  sclerotised  integument  incapable  of  resisting  desiccation) 
generally  to  moist  microhabitats  such  as  leaf  litter,  tunnels  in  soil,  beneath  rocks 
and  to  caves  (Levi  1982),  although  schizomids  have  been  collected  while  sweep 
netting  brush  (Rowland  1975).  Hence  the  occurrence  of  schizomids  in  two  caves 
(Dry  Swallet,  C 18  and  Shot  Pot,  C 106)  in  the  semiarid  Cape  Range  on  the  North 
West  Cape  Peninsula  (Main  1980;  Harvey  1988),  is  of  considerable  zoogeographic 
interest;  the  area  is  separated  by  at  least  1000  km  of  mainly  arid  country,  including 
the  Great  Sandy  Desert,  from  the  nearest  rainforest  vegetation — vine  thickets  in 
the  Kimberley  Region  of  Western  Australia.  The  closest  known  location  of  schi- 
zomids is  near  Darwin,  Northern  Territory  (Cockendolpher  1981). 

This  paper  presents  observations  on  the  distribution,  habitat  and  biology  of 
Schizomus  vinei  Harvey  in  Cape  Range  and  considers  the  vulnerability  of  the  pop- 
ulations to  disturbance. 


Description  of  the  Cape  Range  area 

Climate 

The  climate  of  the  North  West  Cape  peninsula  is  hot  (mean  daily  temperature 
ca  27°C)  and  dry,  with  the  annual  evapotranspiration  being  11  fold  gi'eater  than 
precipitation  (Table  1).  Although  the  meteorological  stations  around  Cape  Range 
record  some  variation  in  mean  monthly  rainfall,  probably  reflecting  local  oro- 
graphic influence,  we  consider  there  would  be  only  minor  differences  between 
these  stations  and  the  localities  of  caves  C 18  and  C 106  on  the  crest  of  the  range. 
Rainfall  is  low  (Table  1)  and,  as  it  results  from  at  least  four  processes  (Gentilli 
1972;  Beard  1975),  is  highly  variable  (variability  index  1 .5-1 .75)with  heavy  rain 
(>  100  mm)  experienced  on  11  occasions  in  1957-1969  and  1976-1986  inclusive, 
twice  in  each  of  1958,  1961,  1963  and  1964.  This  irregular  heavy  rainfall,  which 
floods  the  caves,  results  from  tropical  cyclone  (summer)  and  jet  stream  activities 
(late  summer  and  autumn)  (Gentilli  1971,  1979;  Lourensz  1981).  Of  particular 
significance  to  cryptozoic  animals  unable  to  resist  desiccation  is  the  low  relative 
humidity  throughout  the  year  and  the  low  rainfall  relative  to  evaporation  (Table  1). 

Vegetatioyi 

Cape  Range  lies  in  the  Ashburton  district  of  the  Eremaean  floristic  province,  a 
zone  of  desert  adapted  plants  (Burbidge  1960).  Cape  Range  is  covered  by  tree 
steppe  of  Eucalyptus  dichroinophloia  (to  6 m;  £.  microtheca  in  valleys)  over 
spinifex  (Triodia  spp.),  with  shrubs  {Grevillea  sp.,  to  3 m and  Acacia  spp.,  to  2 m). 
Clumps  of  Ficus  platypoda  are  found,  often  about  the  entrances  of  sink  holes 
(Beard  1975). 
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Table  1 Climatic  data  for  stations  around  the  Cape  Range,  Western  Australia,  showing  the 
extreme  aridity  of  the  surface  environment.  Evaporation  (mm)  and  temperature 
(°C)  data  are  from  Learmonth  (1975-1986).  Rainfall  (mm)  is  much  more  variable 
than  temperature  and  the  data  presented  are  the  mean  values  for  a number  of 
meteorological  stations  arund  the  Cape  Range  peninsula,  namely  Learmonth, 
Ningaloo,  Vlaming  Head,  Yardie  Creek,  Exmouth  Gulf  and  Exmouth. 


j 

F 

M 

A 

M 

j 

Month 

J A 

S 

O 

N 

D 

Sum 

Rainfall 

26.5 

37.3 

48.2 

18.9 

57.1 

51.1 

22.3 

14.5 

2.0 

3.2 

1.8 

1.5 

284.4 

Evaporation^ 

12.9 

11.7 

10.4 

8.0 

5.5 

4.0 

4.4 

5.6 

8.2 

10.4 

11.7 

13.2 

3219 

Mean  max.  °C 

37.6 

38.3 

36.4 

32.5 

28.3 

24.8 

24.2 

25.8 

29.1 

31.3 

34.0 

37.5 

31.7 

Mean  min.  °C 

23.1 

24.4 

23.5 

20.1 

15.9 

12.8 

11.4 

12.8 

13.8 

15.7 

18.4 

21.2 

17.8 

0900  °C 

29.3 

29.9 

28.9 

25.6 

21.8 

18.5 

17.5 

19.0 

21.1 

23.8 

26.1 

29.0 

24.2 

1500  °C 

35.6 

36.3 

35.2 

31.4 

27.3 

23.9 

23.2 

24.7 

28.0 

29.8 

32.4 

35.7 

30.3 

0900  R.H. 

51 

52 

55 

58 

58 

66 

64 

59 

47 

42 

44 

42 

53 

1500  R.H. 

33 

34 

33 

36 

37 

43 

38 

37 

25 

25 

27 

26 

33 

1 Evaporation  is  expressed  as  the  mean  daily  rate  except  for  the  sum  which  is  the  annual  rate. 

Sources  of  rainfall  and  evaporation  data:  for  Exmouth,  Learmonth  and  Yardie  Creek:  — 
Microfiche  Climatic  Averages,  Austalia  1957-1969  and  all  available  information  over  the 
years  1915-1969  plus  TABS  Elements  May  1986  Exmouth  1967-1975,  Learmonth  1975- 
1986,  Yardie  Creek  1957-1969.  For  Ningaloo  (76  y),  Vlaming  Head  (50  y),  Yardie  Creek 
(53  y)  and  Exmouth  Gulf  (56  y)  based  on  Bureau  of  Meteorology  (1977). 


Landforms 

The  physiography  of  Cape  Range  has  been  described  elsewhere  (Condon  et  aL 
1955;  Condon  1968;  Hocking  et  al,  1987).  The  range  rises  to  an  altitude  of  311  m 
and  forms  the  16  km  wide  spine  of  the  Cape  Range  Peninsula  being  fringed  by 
coastal  plains  on  its  eastern  and  western  margins  (Figure  1).  The  crest  of  the  range 
is  gently  undulating  and  there  is  both  external  drainage  down  the  deeply  dissected 
flanks  of  the  range  and  centripetal  drainage  towards  large  sinkholes.  The  out- 
cropping strata  of  Cape  Range  are  Miocene  and  Quaternary  limestones  and  possibly 
Pliocene  calcareous  sandstones  (G.W.  Kendrick,  pers.  comm.  1987),  the  oldest  of 
which  (Early  Miocene)  is  the  Mandu  Calcarenite,  a chalky,  pliable  formation  about 
240  m thick.  Overlying  conformably  is  120  m of  hard  crystalline  Tulki  Limestone 
of  Middle  Miocene  age  (Condon  1968:  Playford  et  ai  1975b).  Across  large  areas  of 
the  central  portion  of  Cape  Range,  the  overlying  strata  (Trealla  Limestone  and 
Quaternary  deposits)  have  eroded  away  leaving  a rough  surface  of  Tulki  Limestone 
slabs,  boulders  and  solution  holes  with  shallow  pockets  of  calcareous  loams. 
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Figure  1 


NORTH  WEST  CAPE:  CAPE  RANGE 


Map  of  North  West  Cape,  Western  Australia,  showing  the  surface  geology  of  Cape 
Range  and  the  location  of  caves,  including  those  inhabited  by  S.  vinei. 
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Figure  2 Plan  view  of  cave  C 18  (Dry  Swallet)  showing  the  main  features  of  the  cave  and  the 
sections  inhabited  by  S.  vinei;  they  were  found  usually  in  the  lower  right  sector  but 
were  found  in  parts  of  the  left  hand  arm  only  after  flooding. 


Caves 

The  supposition  of  Condon  et  aL  (1955)  that  the  cetripetal  drainage  towards 
sinkholes  indicated  well  developed  cave  systems  in  the  Tulki  Limestone  was  later 
confirmed  (Cook  1962).  About  120  caves  are  now  known  from  Cape  Range  and 
they  have  been  assigned  numbers  by  the  Australian  Speleological  Federation 
(Matthews  1985).  The  genesis  of  these  caves  has  not  been  studied  but  karst  styles 
have  been  described  from  Barrow  Island  (Lowry,  D.C.  1980),  also  lying  within  the 
Carnarvon  Basin.  The  majority  of  caves  in  Cape  Range  are  developed  vertically 
with  two  only,  C 64  (Shot  Hole  Tunnel;  the  only  cave  known  in  the  Mandu  Cal- 
carenite)  and  C 15  (Papillon)  known  to  have  significant  lateral  development. 
Only  20%  of  the  caves  arc  deeper  than  C 106  (30  m;  data  from  Matthews  1985). 
Although  Cook  (1962)  believed  that  caves  extending  to  sea  level  (300  m deep) 
could  occur  on  Cape  Range,  with  solution  pipes  in  the  hard  Tulki  Limestone 
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connecting  to  caverns  in  the  friable  Mandu  Calcarenite,  none  has  yet  been  found. 
The  deepest  known  cave  is  C 18  {ca-  50  m),  now  called  Dry  Swallet  (Webb  1980) 
but  also  referred  to  as  C 18  unnamed  (Kendrick  and  Porter  1973,  Shoosmith 
1977),  WAM  1 (Kendrick  1968)  and  Cave  F (Janicke  1973);  Gaping  Gill  (Caw- 
thorn  1963)  probably  is  also  C 18. 

Dry  Swallet  Cave,  C 18  (22°05'S,  114°00'E):  several  gullies  lead  to  a 7 m 
diameter  undercut  collapse  vertical  entrance  leading  into  a 38  m deep  chamber 
widened  through  roof  and  wall  collapse;  the  floor  being  a talus-strewn  water- 
course. From  the  bottom  of  this  illuminated  (twilight  zone)  entrance  chamber, 
tunnels  lead  beyond  the  twilight  zone,  one  upwards  in  a westerly  direction  and 
another  downward  towards  the  east  to  an  estimated  total  depth  of  50  m (Figure  2). 


SHOT  POT  CAVE 
[C106] 


1 

Figure  3 Plan  and  profile  views  of  cave  C 106  (Shot  Pot)  showing  (X)  the  sections  inhabited 
by  S.  vinei. 
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Shot  Pot  Cave,  C 106  (22''05'S,  114°03'E):  discovered  by  B.  Vine  in  1983. 
The  vertical  illuminated  (twilight  zone)  entrance  chamber  (with  a pitch  of  19  m) 
leads  from  the  bottom  into  two  steeply  descending  side  tunnels;  one,  with  a depth 
of  5 m,  is  to  the  south  and  the  second,  a 25  m pitch  to  the  north,  is  interrupted 
midway  down  by  a ledge  (Figure  3). 

Occurrence 

S.  vinei  has  been  found  only  in  the  non-illuminated  lower  extensions  of  C 18 
and  C 106,  although  ca.  60  of  ca.  120  known  caves  in  Cape  Range  have  been  sur- 
veyed for  schizomids.  Numerous  caves  probably  await  discovery  as  the  area  is 
rugged  and  most  of  the  known  caves  are  close  to  the  two  roads  giving  access  to 
Cape  Range;  only  ca.  12%  of  the  Miocene  strata  outcropping  in  Cape  Range  has 
been  surveyed  for  caves.  Simple  multiplication  would  suggest  that  schizomids 
may  be  found  in  between  16  and  32  caves  in  Cape  Range.  However  the  uncertainty 
of  this  estimate  can  be  gauged  by  the  need  to  examine  183  caves  to  have  an  80% 
chance  of  detecting  a ‘true’  difference  between  3.3%  (2/60)  and  0%  at  a 5%  level 
of  significance  (algorithms  from  Sokal  and  Rohlf  1981). 

Associated  fauna 

There  was  an  abundance  of  other  invertebrates  associated  with  the  schizomids 
in  both  caves.  In  C 18  were  oniscoid  isopods  (numerous),  millipedes  (numerous), 
scutigerimorph  centipedes,  spiders,  beetles,  cockroaches  and  Thysanura,  and 
amphipods  in  the  pool.  There  is  no  pool  in  C 106butJ.W.J.  Lowry  (1984)  recorded 
an  abundant  and  diverse  invertebrate  fauna,  with  earthworms,  millipedes,  isopods, 
small  spiders,  flies  and  mites  being  abundant,  and  larger  spiders,  beetles,  psocids 
and  Thysanura  being  uncommon;  she  collected  18  schizomids  on  this  occasion. 

Population  size 

At  irregular  intervals  between  22  February  1984  and  1 June  1985  an  assessment 
was  made  ol  the  populations  of  schizomids,  principally  in  C 106  (Table  3).  On 
each  visit  counts  of  moving  schizomids  were  made  by  the  observer  traversing  the 
cave  chambers  along  a set  route;  owing  to  the  slow  movement  of  schizomids  it  is 
unlikely  that  the  same  individual  was  recorded  more  than  once  per  sampling 
session.  Where  possible,  individuals  were  catergorised  as  adult,  by  virtue  of  their 
larger  size  and  the  rich  chestnut  colouration  of  their  chelicerae  and  anterior  head 
region,  or  juvenile  (smaller  and  paler).  No  attempt  has  been  made  to  convert 
these  estimates  to  densities  but  in  themselves  these  counts  give  an  indication  of 
the  potential  of  the  Cape  Range  populations  for  biological  studies  of  schizomids 
as  the  catch  per  unit  effort  (0  to  5.8  individuals  per  hour)  is  substantially  more  re- 
warding than  those  recorded  by  Remy  (1961;  Table  3).  The  numbers  seen  in  the 
lour  surveyed  sectors  of  C 106  on  eight  days  from  12  August  1984  through  1 June 
1985  (Table  2)  were  correlated  only  between  the  upper  and  lower  sectors  of  the 
northern  extension  (r=0.88;  P<0.05).  The  mean  number  of  S.  vinei  observed 


27 


Schizomus  vinei  : environment  and  biology 


differed  between  chambers  (P<0.001)  being  lower  in  the  S.  extension  and  mid- 
N.  extension.  (1.3  and  1.9  per  traverse  respectively)  and  highest  in  the  upper  and 
lower  northern  extension  (3.0  and  9.9  per  traverse  respectively);  while  there  are 
no  estimates  of  density,  this  indicates  that  the  traverse  technique  achieves  con- 
sistent results. 


Table  2 Wet  and  dry  bulb  temperatures  (°C)  of  cave  C 106,  the  numbers  of  S.  vinei  (No.) 

and  the  time  spent  in  the  cave  in  1984-5.  The  schizomids  are  thought  to  be  juvenile 
unless  specified  as  adult.  In  cave  C 18  S.  vinei  were  seen  in  numbers  6,  0,  3 (1  adult) 
and  10  on  15  : 5 : 84,  12:6:  84,  25:8:84  and  13:9:84  respectively. 


Date 

South  extension 

Wet  Dry  No. 

Wet 

Upper 

Dry 

No. 

North  extension 

Middle 

Wet  Dry  No. 

Bottom 
Wet  Dry 

No. 

Hours 

in 

cave 

No, 

per 

hour 

12:8:84 

17.0 

18.0 

0 

_ 

. 

. 

3 

0 

5:9:84 

17.5 

18.0 

0 

18.5 

19.0 

2 

18.0 

18.5 

1 

18.0 

18.0 

2 

3.5 

1.4 

22:9:84 

18.5 

19.5 

0 

19.0 

19.5 

2 

18.5 

19.0 

1 

18.0 

18.5 

6 

4 

2.3 

10:10:84 

19.0 

19.5 

1 

19.5 

20.0 

4 

19.0 

20.0 

0 

19.0 

19.3 

9 

4.5 

3.1 

21:10:84 

19.5 

20.0 

1 

20.0 

20.5 

7 

19.3 

19.7 

1 

19.3 

19.5 

49 

10 

5.8 

17:12:84 

20.0 

20.5 

0 

20.0 

20,5 

2 

20.0 

20.5 

2 

20.0 

20.5 

14^ 

7 

2.6 

31:1:85 

21.5 

22.0 

1 

21.5 

22.0 

1 

- 

- 

- 

. 

_ 

0.5 

4 

1:6:85 

18.5 

19.0 

0 

19.5 

20.0 

0 

- 

- 

- 

19.5 

20.0 

5 

12.5 

0.4 

^ 2 adults. 


Cave  environment 

Both  CIS  and  C 106  have  temperatures  of  about  20°C  (Table  2),  low  levels  of 
CO2  and  wet  decaying  organic  debris  (branches  and  leaf  litter)  on  the  cave  floor. 
The  schizomids  occur  in  the  dark  zone  associated  with  moist  substrates  (wet 
enough  to  soak  through  the  seats  of  trousers).  Where  schizomids  occurred,  the 
wet  bulb  depression  (measured  using  a whirling  hygrometer)  was  never  greater  than 
1°K  (R.H.>91%;  Table  2)  Other  caves  in  the  area  lacking  schizomids  are  drier 
(by  the  ‘seat  of  the  trousers’  test)  and  many  have  high  levels  of  CO2  (determined 
by  the  physiological  response  on  cavers).  Over  one  year  the  mean  temperature 
between  the  four  sections  of  C 106  (Table  2)  did  not  differ  significantly  (mean 
19.7°C;  Fs3.22  = 0.92,  P = 0.447)  but  the  wet  bulb  depression  (WBD°K)  differed 
between  chambers  (mean  0.54°K;  Fs3^22  = 3.62,  P=  0.029)  with  the  humidity 
being  lower  in  the  south  extension  (mean  WBD  0.69°K)  and  high  in  the  bottom 
of  the  northern  extension  (mean  WBD  0.33° K).  The  number  (N)  of  S.  vinei 
observed  during  this  time  was  associated  with  the  humidity  of  the  chambers  (log 
N + 1 = 1.01  - 1.04  WBD;  Fsi.24  = 11.41,  P = 0.002),  even  when  one  large  outlier 
(Table  2;  21:10:84,  bottom  extension)  is  removed  from  the  data  (P  = 0.009), 
despite  the  wet  bulb  depression  ranging  from  only  0-1  °K. 
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Flooding 

On  19-20  May  1984  230.8  mm  of  rain  was  recorded  at  Learmonth.  A visit  to 
C 106  on  22  May  1984  revealed  that  the  cave  had  flooded  to  a depth  of  27  m (i.e. 
into  the  base  of  the  entrance  chamber)  and  had  already  drained.  No  schizomids, 
dead  or  alive,  were  seen,  although  millipedes  and  isopods,  both  dead  and  alive, 
were  seen  and  earthworms  seemed  unaffected  by  the  flood.  Following  this  episode 
an  adult  specimen  was  seen  on  12  June  1984  but  significant  numbers  were  not 
seen  again  until  5 September  1984  when  nine  juveniles  were  seen  in  widely 
separate  parts  of  the  cave  (Figure  2).  By  22  September  1984  the  schizomids 
appeared  again  to  be  well  established  throughout  the  cave  except  the  entrance 
chamber,  which  by  this  time  had  dried  out.  As  the  upper  reaches  of  the  cave 
dried,  so  the  schizomids  retreated  and  by  mid-1985  they  were  found  only  in  the 
deeper,  humid  zones  of  the  cave.  A similar  pattern  of  flooding  and  population 
recovery  was  observed  in  C 18.  The  schizomids  may  survive  in  air  pockets  within 
the  cave  or  as  eggs  but  the  latency  in  the  recovery  of  the  population  remains  to 
be  explained. 

Behaviour 

Little  is  known  of  schizomid  behaviour  (Kaestner  1968;  Sturm  1973;  Brach 
1976).  Most  S.  vinei  seen  were  walking  forwards  at  fairly  constant  speed  with 
apparent  aimlessness,  but  presumably  hunting.  While  walking  they  repeatedly 
tested  the  ground  ahead  of  them  with  their  first  (tactile)  pair  of  legs.  They  occa- 
sionally stopped  to  groom  a leg,  seldom  more  than  one  at  a time,  by  drawing  it 
through  their  chelicerac;  the  first  pair  of  legs  being  groomed  most  often.  One 
individual,  which  had  part  of  one  first  leg  missing,  groomed  the  first  pair  of  legs 
almost  exclusively,  the  injured  one  about  twice  as  often  as  the  contralateral  leg. 
Schizomids  were  sometimes  seen  in  groups  of  up  to  five  individuals  within  a few 
cm  of  each  other;  Brach  (1976)  similarly  found  groups  of  S.  floridanus  beneath 
logs.  Encounters  between  them  were  seen  twice  and  on  both  occasions  the  schi- 
zomids  jumped  backward  and  turned  to  the  left  before  they  resumed  walking. 
Three  encounters  with  millipedes  resulted  in  behaviour  not  noticeably  different 
from  conspecific  encounters;  the  millipedes  also  turned  away  sharply.  A sudden 
exposure  to  direct  sunlight  seems  not  to  affect  the  schizomid’s  behaviour  but 
they  respond  to  air  movement  by  remaining  motionless  for  several  seconds  before 
they  resume  walking;  repeated  air  movement  causes  them  to  run  until  shelter  is 
reached  beneath  a leaf  or  into  a hole.  If  provoked  by  the  tip  of  a thermometer 
they  appear  unaware  of  its  presence  until  actually  touched.  We  have  observed  no 
defensive  behaviour  other  than  avoidance,  in  contrast  to  whip  scorpions  which 
spray  substances  over  potential  attackers  (Kaestner  1968). 

Laboratory  observations 

S.  vinei  from  C 106  were  maintained  for  two  years  from  February  1984  at 
Exmouth  in  a terrarium  containing  mud  and  leaf  litter  from  the  cave.  The  whole 
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was  covered  in  black  polythene  sheeting  to  exclude  light  and  distilled  water 
added  weekly  to  maintain  humidity.  The  terrarium  was  stocked  with  millipedes, 
earthworms,  isopods  and  beetles  from  the  cave  and  a week  later  four  schizomids 
added.  Within  two  days  only  two  schizomids  remained:  on  four  subsequent 
occasions  one  or  two  new  schizomids  were  added  but  their  numbers  were  always 
reduced  to  two  within  two  days.  The  longevity  of  individuals  within  the  terrarium 
is  not  known.  On  one  occasion  two  S,  vinei,  of  several  in  a polythene  bag,  grappled 
with  each  other  and  when  they  separated  one  was  dead.  Predation  was  never 
observed  although  beetle  and  isopod  numbers  slowly  diminished  and  were  re- 
plenished; millipedes  and  earthworm  numbers  remained  unchanged.  [We  have 
since  observed  S.  vinei  eating  an  isopod  in  a cave  and,  in  the  laboratory,  eating 
isopods,  S.  vinei,  millipedes,  cockroaches  and  earthworms].  Air  temperature 
varied  between  18-34°C  without  apparent  ill  effect  on  the  schizomids  but  one 
kept  in  a terrarium  in  Perth  vanished  on  the  first  day  when  temperatures  exceeded 
40°C.  At  Exmouth  schizomids  inadvertently  exposed  to  low  humidity  died  within 
six  hours. 


Discussion 

Arthropods  dominate  cavernicoles  and  amongst  the  1 1 extant  orders  of  arachnids 
recognised  by  Levi  (1982),  subterranean  forms  are  included  in  all  but  the  desert 
adapted  wind  scorpions  (Solifuga).  Spiders  (Araneae),  mites  (Acari),  Pseudo- 
scorpions and  harvestmen  (Opiliones)  have  been  found  in  man\  Australian  caves 
(Hamilton-Smith  1967,  1972;  Lowry,  J.W.J.  1980)  and  schizomids  are  known 
from  caves  in  the  other  zoogeographic  regions  where  they  occur  (Rowland  1975). 

S.  vinei  is  probably  not  a true  troglobite  (obligate  cavernicoles  with  mor- 
phological adaptation  to  their  subterranean  life  style).  Restriction  to  the  deeper, 
unlit  areas  of  the  caves  most  likely  reflects  their  requirement  for  humidity  and  of 
lood  w'ashcd  into  the  bottom  of  vertical  caverns;  only  tw^o  caves  have  significant 
lateral  extension  of  wEich  one  (C  37)  is  too  dry  while  the  other  (C  64)  has  perma- 
nent water  but  has  a substrate  of  washed  sand  or  fine  red  silt  lacking  plant  debris. 
Cavernicolous  schizomids,  including  S.  vinei  are  morphologically  similar  to  their 
epigean  counterparts:  most  are  eyeless  (but  see  Sissom  1 980),  w'ith  smooth  areas 
on  the  propeltidium  possibly  representing  vestigial  eyes,  and  with  long  antenniform 
first  walking  legs.  Schizomida,  together  with  the  Palpigradi,  Pscudoscorpions, 
Ricinulei  and  Amblypygi,  are  all  cryptozoic  forms  leading  a semisubterranean  life 
even  when  not  cave  dwelling.  Consequently  exploitation  of  the  cave  environment 
involves  no  major  shift  in  biological  strategies.  We  prefer  to  classify  S.  vinei  as  a 
second  level  troglophile  [sensu  Hamilton-Smith  1972),  a form  confined  to  caves 
but  lacking  the  clear  morphological  adaptations  of  troglobites.  Schizomid  depen- 
dence on  humidity  has  been  emphasised  repeatedly  in  the  literature  (McDonald 
and  Hogue  1957,  Rowland  1975,  Savory  1977). 
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The  occurrence  of  S.  vinei  in  C 18  and  C 106  raises  questions  about  their  origins 
and  the  possibility  of  their  long  term  survival.  The  Exmouth  Sub-Basin,  including 
Cape  Range,  was  covered  by  marine  transgressions  throughout  the  Cretaceous  and 
Tertiary  until  the  Miocene  (Playford,  Cope  and  Cockburn  1975).  The  nearest  land 
from  which  the  schizomids  could  have  migrated  was  the  north-eastern  sub-basin 
of  the  Carnarvon  Basin,  and  adjacent  areas  of  the  Western  Precambrian  Shield 
further  to  the  east.  Although  modern  schizomids  have  been  transported  by  man 
well  beyond  their  normal  distribution  to  European  botanic  gardens  (Savory  1977) 
and  museums  (Sturm  1973:  115),  they  most  likely  invaded  Cape  Range  at  a time 
when  they  were  widespread  across  northern  Australia  under  more  favourable, 
humid  conditions. 

A latersol  has  developed  over  part  of  the  Tertiary  sequences  in  central  Cape 
Range.  This  implies  a weathering  regime  quite  different  from  that  prevailing  in 
the  area  today— one  requiring  a significantly  higher  mean  annual  precipitation. 
The  age  of  this  paleosol  has  so  far  not  been  determined,  and  it  may  well  be  Late 
Tertiary,  or  even  Early  Pleistocene  in  age  (K.-H.  Wyrwoll;  personal  communication 
1987).  While  there  is  no  reliable  dating  of  the  start  of  the  present  arid  conditions 
in  the  Pilbara-North  West  Cape  area,  the  present  aridity  of  the  Great  Sandy  Desert, 
quite  inhospitable  for  schizomids,  was  established  by  7000  BP  (Wyrwoll  et  al. 
1986). 

The  possibility  that  schizomids  may  raft  should  not  be  neglected,  as  they  have 
colonised  islands  in  the  Indian  (Table  3)  and  Pacific  Oceans,  including  the  Mas- 
carene  Is  (Remy  1961),  Samoa  (Savory  1977),  Galapagos  (Reddell  and  Cocken- 
dolpher  1986)  and  Hawaii  (Cockendolpher  and  Reddell  1986)  which  were  never 
connected  to  continental  land  masses  (Schmincke  1981).  It  is  possible  that  they 
were  introduced  to  some  of  these  islands  (Cockendolpher  and  Reddell  1986),  as 
they  have  been  to  Europe,  by  man.  Until  the  systematic  position  of  S.  vinei  is 
known,  together  with  the  undescribed  Australian  species  (Hai-vey  1988),  the  route 
by  which  it  arrived  at  Cape  Range  must  remain  speculative.  It  should,  however,  not 
be  forgotten  that  schizomids  are  a very  ancient  group  and  that  their  present  dis- 
tribution is  consistent  with  a Gondwanic,  even  a Pangean  origin. 


Table  3 Schizomids  caught  per  unit  effort  by  Remy  (1961)  at  various  locations. 


Location 

No. 

caught 

Hours  spent 
searching 

Captures 
per  hour 

India:  Pondichery 

5 

22 

0.237 

Ceylon:  Zone  littorale 

13 

40 

0.325 

Zone  de  Collines 

15 

53 

0.283 

He  Maurice 

3 

80 

0.038 

He  de  la  Reunion 

5 

150 

0.033 
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The  water  catchments  of  C 18  and  C 106  are  of  uncertain  size  but  cover  at  least 
the  area  of  the  centripetal  drainage  into  the  caves.  It  is  not  known  if  the  cave  sys- 
tems are  connected  or  whether  there  is  any  underground  drainage.  Much  of  Cape 
Range  is  a National  Park  which  includes  both  C 106  and  C 18,  but  the  area  has 
been  the  focus  for  oil  exploration  and  hydrocarbon  impregnated  roadfill  has  been 
used  adjacent  to  the  range.  A single  episode  of  pollution  anywhere  within  a cave’s 
water  catchment  could  harm  or  eliminate  a population.  Surface  changes  which 
alter  the  deposition  of  debris  and  silt,  or  the  humidity  of  a cave,  could  equally 
have  deleterious  effects  on  the  schizomids  and  the  associated  cave  fauna;  this 
includes  a pool  dwelling  amphipod  in  C 18  whose  closest  affinities  lie  with  species 
from  south-eastern  Australia  (Knott  1985). 
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A new  species  of  false  antechinus  (Marsupialia;  Dasyuridae)  from 
Western  Australia,  with  remarks  on  the  generic  classification 

within  the  Parantechini 


D J.  Kitchener*  and  N.  Caputif 


Abstract 

Pseudantechinus  woolleyae  sp.  nov.,  from  the  Pilbara,  Ashburton,  Murchison  and 
Little  Sandy  Desert  regions  of  Western  Australia,  is  described  as  a new  species.  It  is 
phenetically  closest  to  Pseudantechinus  inacdonnellensis  and  phylogenetically  closest 
to  Pseudantechinus  macdonnellensis,  Pseudantechinus  bilarni  and  Pseudantechinus 
‘ningbing’. 


Introduction 

Tate  (1947)  in  his  taxonomic  monograph  on  Dasyuridae  placed  Antechinus 
apicalis  (Gray,  1842)  in  the  monotypic  genus  Parantechinus.  This  was  because  it 
differed  from  all  other  Antechinus,  except  ^1.  macdonnellensis  (Spencer,  1896),  in 
having  an  extreme  reduction  of  the  posterior  premolars  to  single  rooted  vestiges. 
He  placed  A.  macdonnellensis  and  .4,  mimulus  (Thomas,  1906)  in  the  genus  Pseu- 
dantechinus, because  in  addition  to  the  reduction  of  their  upper  posterior  pre- 
molar, they  totally  lacked  the  corresponding  lower  tooth  and  also  had  an  inflated 
alisphenoid  and  mastoid  bulla. 

Ride  (1964),  in  comments  accompanying  his  description  oi  Antechinus  rosa- 
mondae,  considered  that  the  morphology  of  his  new  species  cast  considerable 
doubt  on  the  validity  of  the  genera  Parantechinus  and  Pseudantechinus.  An- 
techinus rosamondae  had  no  posterior  upper  or  lower  premolar  and  an  even  more 
greatly  inflated  bulla  than  ^4.  macdonnellensis.  Rather  than  erect  yet  another  mono- 
typic  genus,  Ride  argued  for  the  return  to  the  wider  concept  of  Antechinus,  noting 
that  A.  macdonnellensis  spanned  the  range  of  dental  characters  of  Antechinus 
(sensu  lain)  and  that  bulla  inflation  or  its  absence  did  not  divide  Antechinus  into 
two  groups.  Ride  (1970)  returned  to  the  broader  concept  o{  Antechinus.  However 
in  more  recent  years,  workers  (see  Kirsch  1982)  have  recognised  i\vdt  Antechinus 
sensu  Ride,  1970  is  polyphyletic.  This  polyphyly  has  been  demonstrated  by  phy- 
logenetic analysis  based  on  crcmial  and  dental  characters  using  the  Wagner  algorithm 
(Kirsch  and  Archer  1982)  and  isozyme  electrophoresis  (Baverstock  et  al.  1982). 


* Western  Australian  Museum,  Francis  Street,  Perth  Western  Australia  6000, 
t Western  Australian  Marine  Research  Laboratories,  West  Coast  Highway,  Waterman,  Western 
Australia  6020. 
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The  latter  authors  recognised  among  the  dasyurids  they  studied,  that  the  An- 
techinus suprageneric  group  was  genetically  very  heterogeneous;  species  fell  into 
two  broad  groups.  One  group  comprised  the  ‘true’  Antechinus  species  as  well  as 
Phascogale.  The  other  comprised  the  ‘false’  Antechinus  (A.  macdonnellensis,  A. 
bilami  Johnson,  1964,  and  A.  rosamondae  Ride,  1964)  on  one  hand  and  species 
of  Dasyuroides  Spencer,  1896;  Dasycercus  Peters,  1875;  Dasyurus  Geoffroy, 
1796  and  Sarcophilus  Geoffroy  and  Cuvier,  1837  on  the  other.  Interestingly 
Kirsch  (1977)  had  found  that^.  rosamondae  was  serologically  closer  to  Dasyurus 
than  it  was  to  species  of  ‘true’  Antechinus  (e.g.  A,  flavipes).  Baverstock  et  al. 
(1982)  considered  that  within  the  ‘false’  Antechinus,  “recognition  of  at  least  one 
distinct  generic  rank  for  the  species  of  this  group  is  warranted”  and  that  “there 
may  be  grounds  for  recognising  three  separate  genera”.  They  showed  that  Dasy- 
urus  — Dasyuroides  rather  than  Antechinus  (sensu  stricto)  were  the  sister  group  to 
the  Antechinus.  They  commented  further  that  ^4.  and  ‘ningbing’ 

(an  as  yet  undescribed  species)  may  also  be  referable  to  the  ‘false’  Antechinus 
group.  Cooper  and  Woolley  (1983)  investigated  the  electrophoretic  mobilities  of 
enzymes  and  proteins  of  eight  species  of  dasyurid  marsupials  and  concluded  that 
the  Antechinus  ‘ningbing’  is  a “probable  new  species”  and  that  its  nearest  relative 
is  possibly  Dasycercus  cristicauda  Krefft,  1866. 

The  phallic  morphology  of  12  species  of  Antechinus  was  described  by  Woolley 
(1982)  who  reported  that  A.  macdonnellensis,  A.  bilarni,  A.  apicalis  and^.  ‘ning- 
bing’ formed  a distinct  group  from  other  Antechinus  species  in  not  having  a bifid 
tip  to  the  penis,  having  short  urethral  grooves  and  no  dorsal  median  lobe.  She  con- 
cluded that  these  latter  five  species  could  be  further  subdivided  on  the  occurrence 
and  form  of  accessory  structures  derived  from  the  corpora  cavernosa. 

Archer  (1982)  acknowledged  the  distinctness  of  the  Antechinus  group 

which  he  considered  comprised  the  same  species  listed  by  Woolley  (1982)  as 
lacking  a bifid  tip  to  the  penis.  Archer  (1982)  investigated  the  generic  status  of 
these  five  ‘false’  Antechinus  species  through  a cladistic  analysis  of  cranial,  dental 
and  tail  characters.  He  determined  their  phylogenetic  association,  however,  on 
the  basis  of  the  additional  contribution  of  their  phallic  morphology  as  elucidated 
by  Woolley  (1982).  Archer  (1982)  concluded  that  the  ^false'  Antechinus  should 
be  placed  into  three  genera:  bilarni  and  apicalis  in  Parantechinus  Tate,  1947;  mac- 
donnellensis  and  ‘ningbing’  in  Pseudantechinus  Tate,  1947  and  rosamondae  in 
Dasykaluta  — a new  genus  which  he  proposed.  He  further  proposed  the  tribe 
Parantechini  to  comprise  these  three  genera. 

While  examining  specimens  attributable  to  Pseudantechinus  macdonnellensis 
in  the  collections  of  the  Western  Australian  Museum,  it  became  apparent  that 
some  of  the  dental  variation  referred  to  by  Ride  (1964)  in  this  species  resulted 
from  the  presence  of  a distinct  form  (e.g.  WAM  M2554),  which  occurred  in  very 
close  geographic  proximity,  perhaps  even  sympatrically,  at  Woodstock  Station, 
Pilbara  District,  with  P.  macdonnellensis  (sensu  stricto).  This  form  is  herein  des- 
cribed as  a new  species.  However,  when  attempting  to  allocate  this  new  species 
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to  one  of  the  Parantechini  genera  of  Archer  (1982)  it  was  seen  to  share  diag- 
nostic characters  of  both  Par  ante  chinus  znA  Pseudantechinus.  For  this  reason  it 
was  also  necessary  in  this  paper  to  examine  again  the  generic  relationships  of 
the  species  within  the  Parantechini. 


Materials  and  methods 

Measurements 

Our  description  of  morphology  follows  Archer  (1981).  Tooth  number  follows 
Archer  (1978).  Cranial  and  external  points  used  for  measurements  also  follow 
Archer  (1981)  with  the  exception  of  three  additional  measurements,  asterisked 
below.  Nineteen  measurements  of  skull  and  dental  characters,  five  of  external 
body  characters  (in  mm)  and  weight  (in  gms)  were  recorded  from  adult  specimens 
listed  in  Specimens  examined  and  in  the  Description  sections.  Abbreviation  for 
these  measurements  are  as  follows:  MAXL,  maximum  skull  length;  BASCRANL, 
basicranial  length;  MSKH,  maximum  skull  height;  MSKW,  width  across  zygoma; 
OBUL,  outside  bullae  distance;  INBUL,  inside  bullae  distance;  BULTOT*,  length 
of  tympanic  wing  of  alisphenoid  and  periotic,  from  posterior  lacerate  foramen  to 
anterior  edge  of  alisphenoid  wing;  BULPER*,  length  of  periotic  tympanic  wing  from 
lacerate  foramen  to  contact  point  with  alisphenoid  tympanic  wing,  measured  in 
the  same  line  as  for  BULTOT;  C^M^,  M^-M^,  Ii-Ms , M2-M5  crown  lengths;  RM'^- 
LM'^,  width  outside  crowns;  INORB,  minimum  interorbital  width;  MAXVAC*, 
maximum  length  of  maxillary  palatal  vacuity;  NASL,  nasal  length;  DC-Ii  dentary 
condyle  to  Ii ; ANGCON,  tip  of  angular  process  to  articular  condyle;  CONRAM, 
articular  condyle  to  anterior  border  of  ascending  ramus;  NV,  tip  of  rhinarium  to 
vent  length;  TV,  tail  tip  to  vent  length;  HF,  hind  foot  length;  EAR,  ear  height 
from  notch;  TRAG,  supratragus  width;  WT,  weight. 

Qualitative  bi  or  multi-state  characters  codes  (C1-C36).  These  are  listed  in 
Table  1. 

Pelage  and  skin 

Colour  of  pelage,  when  capitalised,  follows  Ridgway  (1912).  Specimens  were 
regarded  as  adult  if  and  P^  were  fully  erupted.  Only  adults  were  included  in 
the  statistical  appraisal. 

Morphometric  analyses 

Means,  standard  deviations  and  ranges  were  computed  for  skull,  dentary,  teeth 
(hereafter  referred  to  as  skull  characters)  and  external  body  measurements  and  for 
weight.  The  latter  variable  was  not  employed  in  systematic  analyses  because  it 
was  absent  from  many  specimen  records.  Sexual  dimorphism  was  examined  using 
a two  factor  analysis  of  variance  for  measurements  of  each  of  the  skull,  and  ex- 
ternal characters  for  the  factors  species  and  sex. 
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Table  1 Codification  of  characters  used  in  phylogenetic  analysis. 


Number  Character  Code 


Cl  crown  size  relative  to 

C2  Pa 

C3  crown  length  relative  to  1“^ 

C4  P^  root  number 

C5  StB  on  size 

C6  width  relative  to  width 

C7  M2  paraconid  size 

C8  M2  metaconid  size 

C9  M4  entoconid  size 

CIO  M*^  protocone  lateral  compression 

Cll  extent  of  proximal  nasal  flare 

Cl 2 squamosal/frontal  contact 

Cl 3 Palatine  vacuities 

C14  alisphenoid  tympanic  bulla  size 

Cl 5 alisphenoid  tympanic  inflation 

C16  periotic  tympanic  size 

Cl  7 periotic  tympanic  bulla  inflation 

Cl 8 skull  depth 

C19  extent  of  lambdoidal  crest 

C20  post  orbital  swellings 

C21  tail  incrassation 

C22  tail  fur 

C23  tail  length  relative  to  snout-vent 
C24  striation  on  pes  interdigital  pads 
C25  metatarsal,  hallucal  and  post 
hallucal  pads 
C26  ear  length 
C27  supratragus 
C28  number  of  female  nipples 
C29  penis:  levator  muscle  length 
C30  penis:  accessory  corpora  cavernosa 
C31  penis:  accessory  structure 
appendage 

C32  penis:  location  of  tendon 
C33  penis:  tip 
C34  penis:  urethral  groove 
C35  penis:  median  dorsal  lobe 
C36  external  hallux 


1-  absent,  2-  tiny,  3-  small,  4-  moderate,  5-  large 

1-  absent,  2-  present 

1-  smaller,  2-  subequal,  3-  taller 

1-  absent,  2-  one,  3-  two 

1-  absent/low,  2-  moderate,  3-  tall 

1-  narrower,  2-  subequal,  3-  wider 

1-  absent,  2-  small,  3-  moderate 

1-  absent,  2-  small,  3-  moderate 

1-  absent,  2-  small,  3-  moderate,  4-  large 

1-  uncompressed,  2-  slight,  3-  moderate 

1-  none,  2-  slight,  3-  moderate,  4-  very 

1-  not  close,  2-  not  in  contact/close,  3-  in  contact 

1-  absent,  2*  small,  3-  moderate,  4-  large 

1-  small,  2-  moderate,  3-  large,  4-  very  large 

1-  slight,  2-  moderate,  3-  inflated 

1-  small,  2-  moderate,  3-  large,  4-  very  large 

1-  slight,  2-  moderate,  3-  inflated 

1-  flat,  2-  moderately  deep,  3-  deep,  4-  very  deep 

1-  absent,  2-  slight,  3-  moderate,  4-  large 

1-  absent,  2-  slight,  3-  moderate,  4-  large 

1-  absent,  2-  incrassate 

1-  slight,  2-  moderate,  3-  heavy 

1-  less,  2'  subequal,  3-  longer 

1-  none,  2-  moderate,  3-  very 

1-  all  absent,  2-  post  hallucal  absent,  3-  all  present 

1-  small,  2-  moderate,  3-  long,  4-  very  long 

1-  uncurled,  2-  curled 

1-  four,'  2-  six,  3-  eight,  4-  ten 

1-  short,  2-  medium,  3-  long 

1-  absent,  2-  present 

1-  present,  2-  absent 

1-  arises  mesially,  2-  arises  laterally 

1-  not  bifid,  2- bifid 

1-  short,  2-  long 

1-  absent,  2-  present 

1-  absent,  2- present 


Principal  component  analysis,  was  based  on  the  correlation  matrix  of  the  skull 
characters  and  the  first  three  principal  component  scores  were  examined.  Canon- 
ical variate  (discriminant)  analyses,  using  skull  measurements  alone,  were  per- 
formed on  the  recognised  species  using  SPSS^  package. 

Phylogenetic  analyses  were  performed  using  the  PAUP  programme  for  con- 
structing phylogenetic  trees  (Swofford  1984).  This  analysis  was  based  on  the 
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modal  values  of  the  coded  characters  listed  in  Table  1 using  the  MULPARS  option. 
The  coded  characters  were  treated  as  unordered.  The  tree  was  rooted  using  five 
outgroup  species. 

Institutional  specimens 

Institutional  origin  of  specimens  are  denoted  by  prefixing  their  catalogue 
number  as  follows:  JM,  Queensland  Museum,  Brisbane;  NT,  Northern  Territory 
Museum;  WAM,  Western  Australian  Museum,  Perth  and  FMNH,  Field  Museum 
of  Natural  History,  Chicago. 


Systematics 

Pseudantechinus  woolleyae  sp.  nov. 
Table  2,  Figures  1 and  2 


Holotype 

Western  Australian  Museum  catalogue  number  M14740;  adult  male;  body  fixed  in  10  per 
cent  formalin,  preserved  in  75  per  cent  ethanol  — skull  and  dentaries  separate;  found  dead  on 
ground  (believed  poisoned)  by  Mr  Jim  Daly  on  31  July  1976. 

Type  locality 

Near  Ncwlingunn  bore.  10  km  117°  from  Errabiddy  Homestead  (25°33'00''S,  117°08' 
00"E). 

Paratypes 

Listed  in  Specimens  examined. 

Diagnosis 

Pseudantcchiniis  woolleyae  differs  from  Pseudantechinus  rnacdonnellensis  in 
having  the  skull  generally  larger.  For  example:  bulla  (BULTO'I)  longer  7.6  (7.1- 
8.2)  w 6.5  (6.0-7.0),  periotic  (BULPER)  longer  3.8  (3.3-4.3)  v.  3T  (2. 7-3. 5), 
distance  outside  bullae  (OBUL)  greater  12.9  (12.4-13.4)  v.  11.6  (10.8-12.3),  skull 
(MAXL)  generally  longer  29.9  (28.0-31.2)  v.  27.5  (25.9-29.J),  C'-M^  longer  11.3 
(10.8-11.6)  V.  10.2  (9.3-10.7),  distance  outside  upper  molars  (RIVT^-LM^)  wider 
9.6  (9.1-10.3)  V.  8.8  (8. 3-9. 3);  P^  crown  area  more  than  three  quarters,  rather 
than  less  than  half,  that  of  P^;  P^  with  two  roots  rather  than  one;  P3  normally 
present;  M^  stylar  cusp  B moderately  large  rather  than  very  low  or  absent;  M4 
entoconid  moderate  to  large  rather  than  small  or  absent;  hind  foot  longer  15.0 
(13.5-15.9)  v.  13.8  (12.8-15.0)  and  male  without  a penile  appendage. 

It  differs  from  Pseudantechinus  bilarni  in  averaging  larger  in  all  skull  and  dental 
measurements  except  distance  between  bullae  (INBUL)  (Table  1),  having  bulla 
larger:  the  proportion  BULTOT/MAXL  0.252  (0.242-0.264)  v.  0.209  (0.198- 
0.219);  distance  between  bullae  (INBUL)  smaller  2.8  (2.4-3. 3)  v.  3.5  (3. 2-3. 9); 
periotic  length  (BULPER)  larger  3.8  (3. 3-4. 3)  v.  2.7  (2. 3-2. 9);  distance  between 
both  dentary  angular  process  and  condyle  (ANGCON)  and  condyle  and  ascending 
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Figure  1 


(a)  skull  and  dentary,  (b)  upper  and  (c)  lower  tooth  rows  of  Pseudantechinus 
woolleyae  holotype  — tooth  rows  and  ventral  aspect  of  skull  as  stereopairs.  Scale 
lines;  tooth  rows,  2 mm;  skull  and  dentary,  10  mm. 
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ramus  (CONRAM)  greater  6.1  (5. 6-6. 5)  v.  5.1  (4. 0-5. 7)  and  5.6  (4. 6-6.0)  v.  4.9 
(4. 2-5. 6),  respectively;  M®  width  greater  or  equal  to  width;  hind  foot  shorter 
15.0  (13.5-15.9)  V.  16.6  (14.8-18.4)  and  tail  incrassate. 

It  differs  from  the  ‘ningbing*  form  oi  Pseudantechinus  in  being  generally  larger 
in  all  skull  and  dental  measurements  (except  distance  between  bullae,  INBUL), 
having  bullae  larger:  BULPER  3.8  (3.3-4.3)  v.  3.0  (2.5-3.5),  BULTOT  7.6  (7.1- 
8.2)  v.  5.9  (5. 5-6. 5);  periotic  more  inflated;  crown  area  more  than  than  three- 
quarters,  rather  than  less  than  one-half  that  of  P^;  P3  usually  present  rather 
than  usually  absent;  squamosal/frontal  contact  not  close;  stylar  cusp  B mod- 
erately large  rather  than  very  low  or  absent;  M4  entoconid  moderate  or  large 
rather  than  absent;  females  with  six  rather  than  four  teats;  tail  shorter  than  snout 
to  vent  length,  heavily  incrassate  and  slightly  more  heavily  furred. 

Description 

Skull  and  dentary 

Skull  moderately  large  but  not  especially  robust,  cranium  and  lambdoidal  crest 
low  and  sagittal  crest  and  postorbital  swellings  absent;  nasal  length  moderate; 
nasals  usually  slightly  flared  proximally,  occasionally  moderately  flared;  squamosal 
and  frontal  not  closely  abutted;  maxillary  palatal  vacuities  moderate,  located 
between  a line  drawn  from  posterior  edge  of  and  ; premaxillary  palatal 
vacuities  do  not  extend  posterior  to  a line  joining  posterior  edge;  palatine 
vacuities  usually  small,  occasionally  absent  or  large;  alisphenoid  tympanic  bulla 
large  and  inflated,  covers  ectotympanic  wing,  in  wide  contact  with  periotic  tym- 
panic wing;  bullae  close  together.  Dentary  with  distance  between  tip  of  angular 
process  and  articular  condyle  subequal  to  that  between  articular  condyle  and  tip 
of  ascending  ramus. 

Dentition 

tallest  of  upper  incisors,  separated  from  P by  diastema  which  approximates 
P thickness;  P;  P and  P approximately  same  height  and  crown  area,  occasionally 
P shorter  than  P;  P separated  from  C*  by  substantial  diastema;  with  slight 
antero  — and  posterolingual  cingulum  with  slight  to  moderate  posterior  cingular 
cuspule;  crown  height  about  twice  that  of  P^;  usually  slight  diastema  between 
and  and  between  upper  premolars;  crown  height  increases  from  P’  to  P^ ; 
upper  premolars  with  antero  — and  posterobasal  cingular  cuspules,  encircled  by 
moderate  cingula  except  for  lingual  and  buccal  aspect  where  it  narrows;  crown 
area  of  P^  usually  larger  or  subequal  to  P^  , larger  than  P^ ; P^  with  two  roots; 
metacone  taller  than  StD  on  IVP,  taller  or  subequal  on  and  ; StD  taller  than 
StB  on  NP  and  but  subequal  on  M"*;  StB  shorter  than  paracone  on  and 
but  subequal  on  ; StE  shorter  than  paracone  on  IVP  and  but  subequal  on 
; StE  on  to  variably  present,  small;  StB  on  of  variable  height,  low  to 
tall;  preprotocrista  terminates  at  anterior  base  of  paracone,  occasionally 

forms  narrow  contact  with  anterior  cingular  shelf  on  ; preparacrista  connects 
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StB  directly  to  paracone;  postprotocrista  connects  to  posterolingual  base  of  meta- 
cone; posterior  lingual  and  buccal  cingula  absent  to  ; on  preparacrista 
subequal  to  postparacrista,  which  is  half  length  of  premetacrista,  which  is  slightly 
less  than  half  length  of  postmetacrista;  on  preparacrista  almost  twice  length  of 
postparacrista,  which  is  half  length  of  premetacrista,  which  is  just  less  than  half 
length  of  postmetacrista;  on  preparacrista  almost  three  times  longer  than  post- 
paracrista which  is  half  length  of  premetacrista  which  is  about  half  length  of  post- 
metacrista; on  metacone  rudimentary,  protocone  (usually  uncompressed)  and 
paracone  very  reduced,  preparacrista  about  twice  length  of  postparacrista,  occa- 
sional slight  bulge  in  ectoloph  probably  homologous  to  StD;  width  generally 
subequal  to  occasionally  narrower. 

Ii  taller  crowned  than  I2  which  is  subequal  in  length  to  I3;  Ii  to  I3  with  pos- 
terior cingular  cuspule;  I3  also  with  smaller  posterobuccal  cuspule,  such  that  the 
notch  separating  these  posterior  cuspules  loosely  accommodates  Ci  anterior  edge; 
Cl  tall,  twice  height  of  P2,  slight  lingual  cingulum  and  occasional  small  posterior 
cingular  cuspule;  crown  area  P3<Pi<P2;  P3  present  in  all  specimens  except  WAM 
M24151,  has  low  posterior  cingular  cuspule;  Pi  to  P3  have  narrow  encircling 
cingulum  except  for  buccal  aspect  above  Pi  and  P2  anterior  root;  P3  and  M2 
separated  by  short  diastema;  on  M2  protoconid  much  taller  than  metaconid,  which 
is  taller  than  paraconid  (sometimes  rudimentary),  which  is  shorter  than  hypoconid, 
hypoconulid  rudimentary,  entoconid  varies  in  height,  usually  subequal  to  para- 
conid; on  M3  and  M4  protoconid  taller  than  subequal  metaconid  and  paraconid, 
which  are  much  taller  than  the  variable  entoconid  (rudimentary  or  large)  which 
is  taller  than  hypoconid,  which  is  taller  than  hypoconulid;  M5  similar  in  shape  to 
M3  and  M4  except  that  talonid  much  reduced,  particularly  hypoconid;  crista 
obliqua  contacts  metacrista  at  base  of  central  notch  in  Ms  but  moves  progressively 
closer  to  protoconid  in  M4  to  M2;  on  M2  paracristid  slightly  longer  than  meta- 
cristid  which  is  subequal  in  length  to  crista  obliqua  and  hypocristid;  on  M3  para- 
cristid longer  than  metacristid  and  hypocristid,  which  are  much  longer  than  crista 
obliqua;  on  M4  paracristed  longer  than  metacristid,  which  is  longer  than  hypo- 
cristid which  is  longer  than  crista  obliqua;  on  M5  paracristid  slightly  longer  than 
metacristid,  which  is  much  longer  than  crista  obliqua;  M2  to  M4  have  anterior  and 
posterior  cingula  but  no  lingual  or  buccal  cingula. 

Externals 

Pelage  and  skin  colour 

Described  from  four  ‘puppet’  skins  WAM  (M716,  M2406,  M2554,  M7122). 

Overall  fur  colour  dorsally  Sayal  Brown,  ventrally  Pinkish  Buff. 

Hairs  on  shoulder,  back  and  Hanks  up  to  9.5  mm,  base  of  hairs  Neutral  Gray, 
distal  3.5  mm  Pinkish  Cinnamon  lightly  tipped  with  Warm  Sepia.  Hairs  on  fore- 
head, rostrum  and  sides  of  face  shorter  (up  to  3.5  mm),  base  of  hairs  Warm  Sepia, 
distal  2 mm  Light  Pinkish  Cinnamon  tipped  with  Warm  Sepia.  Ears  lightly  furred 
with  2 mm  long  hairs,  these  Pinkish  Cinnamon  lightly  tipped  with  Warm  Sepia  on 
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both  the  inner  and  outer  surfaces.  Hairs  on  inner  ear  surface  of  the  anterobasal 
helix,  central  antihelix  and  general  antitragal  area  are  thicker,  longer  (up  to  3 mm), 
these  Warm  Sepia  at  base,  distal  2 mm  Pinkish  Cinnamon.  Guard  hairs  on  dorsum 
numerous  up  to  11.5  mm  long,  Warm  Sepia.  Hairs  on  ventral  surface  of  body  and 
throat  up  to  7 mm  long,  base  of  hairs  Light  Neutral  Gray,  distal  3 mm  Pale  Pinkish 
Buff.  Hair  on  chin,  sides  of  mouth,  manus  and  pes  up  to  2.5  mm  long,  these 
Warm  Sepia  at  base,  distal  1 mm  Pale  Pinkish  Buff. 

Tail  moderately  well  furred.  On  dorsal  surface  of  tail  hairs  up  to  4 mm  long, 
basal  0.5  mm  Warm  Sepia,  central  1.5  mm  Pinkish  Cinnamon,  distal  2 mm  Warm 
Sepia;  this  distal  region  of  the  hairs  appreciably  thinner  than  at  the  base.  On  ven- 
tral surface  hairs  up  to  3 mm  long,  Light  Pinkish  Cinnamon.  Hairs  at  tail  tip  up  to 
6 mm  long,  Warm  Sepia,  extending  slightly  beyond  tip  but  not  forming  obvious 
tuft.  Up  to  30  mysticial  vibrissae,  posteriorly  these  are  up  to  35  mm  long.  Warm 
Sepia  at  base  through  Cinnamon  to  Pale  Pinkish  Buff  distally.  On  edge  of  lips 
shorter  (up  to  7 mm  long),  Pale  Pinkish  Buff.  One  or  two  supraorbital  vibrissae  up 
to  20  mm  long  and  six  to  eight  genal  vibrissae  up  to  30  mm  long,  the  colouration 
as  for  that  of  the  posterior  mysticial  vibrissae.  Five  submental  vibrissae,  up  to 
5 mm  long  and  two  interramal  vibrissae,  up  to  1 1 mm  long.  Pale  Pinkish  Buff.  Up 
to  six  ulnar  carpal  vibrissae,  Pale  Pinkish  Buff,  up  to  11  cm  long.  Two  to  three 
vibrissae  between  the  anconeal  and  medial  antebrachial  regions  of  the  foreleg, 
Cinnamon  at  base  becoming  Pale  Pnkish  Buff  distally,  up  to  10  mm  long. 

Skin  of  pes  and  manus  Pinkish  Buff.  Skin  of  ear  Mikado  Brown. 

Pes 

Terminal  digital  pads  small,  smooth;  the  three  interdigital  pads  large,  elongate, 
separate  from  each  other,  hallucal  pads  elongate,  approximately  half  size  of  inter- 
digital pads;  metatarsal  and  post  hallucal  pads  subequal  in  size  to  interdigital  pads. 
All  pads,  except  the  terminal  ones,  heavily  striate. 

Distribution 

Pseiidantechinus  woolleyae  is  not  recorded  outside  Western  Australia  (Figure  2). 
It  has  been  collected  from  across  the  Fortescue  (Pilbara),  west  Ashburton,  (Ash- 
burton region),  western  half  of  Austin  (Murchison  Region)  and  a single  record 
from  central  north  Keartland  (Little  Sandy  Desert)  botanical  Districts  of  Beard 
(1980).  These  Districts  are  characterised  as  having  an  arid  climate  with  summer 
rain  and  precipitation  ranging  from  200-300  mm.  The  northern  districts  (Fortescue 
and  Keartland)  have  a tropical  arid  climate.  The  Fortescue  District  is  essentially 
tree  and  shrub  steppe  communities  with  Eucalyptus  trees.  Acacia  shrubs  and 
Triodia  spp.  The  Keartland  District  is  shrub  steppe.  The  Ashburton  District  is 
almost  entirely  mulga  (Acacia  aneura).  The  Austin  District  is  predominantly  mulga 
low  woodland  on  plains  reduced  to  scrub  on  hills  and  tree  steppe  of  Eucalyptus 
spp.  and  Triodia  basedowii  on  sandplains.  Soils  and  topography  vary  greatly 
between  these  Districts.  However  the  Fortescue  district,  from  which  most  spe- 
cimens of  P.  woolleyae  have  been  collected,  is  a rugged  mountainous  region 
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chiefly  of  hard  alkaline  red  soils  on  plains  and  pediments  with  shallow  and  skeletal 
soils  on  the  ranges.  The  Ashburton  and  Austin  Districts  are  principally  shallow 
earthy  loams  overlying  red-brown  hardpan  with  shallow  stony  loams  on  hills  and 
ranges.  The  single  specimen  from  Rudall  River  National  Park  in  the  Keartland 
District  was  from  a small  stony  hill  of  brown  salty  sand  with  50  per  cent  stones. 

The  sparse  habitat  notes  accompanying  specimens  of  P.  woolleyae  reflect  the 
variety  of  habitats  of  the  botanical  districts  described  above.  Only  six  specimens 
have  any  such  information.  In  addition  to  its  occurrence  on  small  stony  hills  at 
Rudall  River  it  has  been  collected  from  “gemstone  bearing  country,  granite 
boulder  country  and  a rocky  hillside”;  one  specimen  was  from  “Buffle  grass, 
Cenchrus  ciliaris,  on  small  salt-flat  plain”.  Vegetation  is  listed  as  “mulga,  sparse 
bloodwood  over  Acacia  scrub  over  spinifex  and  Acacia  inaequilatera  scrub  steppe”. 


Figure  2 Distribution  of  specimens  of  Parantechini  sensu  Archer  (1982)  examined.  P.  wool- 
leyae (a),  P.  macdonnellensis  (o),  P.  bilarni  (a),P.  ‘ningbing’  (•),P  apicalis  (□)  and 
D.  rosamondae  (p). 
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Etymology 

Named  after  Dr  Pat  Woolley,  La  Trobe  University,  Victoria,  in  recognition  of 
her  contribution  to  studies  on  dasyurids  and  to  the  Mammal  Department  of  the 
Western  Australian  Museum. 

Remarks 

The  specimens  herein  considered  as  P.  vtacdonnellensis  closely  accord  to  the 
description  of  that  species  in  Spencer  (1906);  they  have  comparable  external  and 
skull  measurements  and  P3  absent  or  minute. 

Thomas  (1906)  in  his  description  of  Phascogale  mimulus  stated  that  it  was 
closest  to  P.  macdonnellensis  but  differed  from  that  species  in  being  much  smaller 
in  overall  size  and  in  having:  narrower  and  more  granulated  feet;  body  smaller  such 
that  tail  nearly  equal  in  length  to  head  and  body;  nasals  shorter  and  broader,  bulla 
conspicuously  smaller,  P"*  (=  P^)  well  developed  and  two  rooted  but  P4  (=P3) 
absent. 

Although  Ride  (1964)  and  subsequent  authors  synonymised  P,  mimulus  with 
P.  macdonnellensis,  the  recognition  of  P.  woolleyae  suggests  the  need  for  caution 
as  to  the  taxonomic  status  of  mhnulus.  There  can  be  no  confusion,  however,  bet- 
ween the  distinction  of  P.  woolleyae  and  P,  mimulus.  P.  woolleyae  differs  from  it 
in  being  much  larger  overall,  having  a tail  generally  considerably  shorter  than  head 
to  body  length,  bulla  conspicuously  larger,  nasals  much  longer  and  with  P3  present 
in  all  but  one  of  13  specimens. 

Some  workers  may  have  difficulty  in  identifying  P.  woolleyae  from  partial 
specimens  of  Dasykaluta  rosamondae  and  Par  ante  c hums  apicalis.  Pseudantechinus 
woolleyae  differs  from  the  former  in  having  a generally  larger  skull  (see  Table  2 
for  comparative  measurements);  tympanic  bulla  less  inflated;  postorbital  swellings 
absent;  P^  large  rather  than  absent;  P3  normally  present;  crown  length  P<U; 
proximal  nasal  flare  slight  to  moderate  rather  than  very  flared;  lambdoidal  crest 
slight  rather  than  moderate  or  large;  M2  paraconid  moderate  rather  than  absent; 
M4  entoconid  moderate  to  large  rather  than  absent;  tail  and  ear  longer;  hind  foot 
shorter  (see  Table  2);  striation  on  interdigital  pads  much  more  developed  and 
penile  levator  muscle  medium  length  rather  than  short. 

It  differs  from  P.  apicalis  in  being  smaller  in  all  skull  and  external  measurements, 
except  for  the  bulla  measurements  (see  Table  2).  The  proportion  BULTOT/ 
MAXL  is  much  greater  0.252  (0.242-0.264)  v.  0.196  (0.188-0.201);  P^  larger; 
skull  much  flatter;  lambdoidal  crest  slight  rather  than  large;  tail  incrassate;  tail 
more  lightly  furred,  female  with  6 rather  than  8 teats,  male  without  a penile 
appendage  and  penile  levator  muscle  medium  length  rather  than  long. 
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Multivariate  analysis;  results  and  discussion 

Phenetic  analysis 

Univariate  analyses 

The  means,  standard  deviations  and  range  of  the  skull  and  external  characters 
for  the  six  species  are  shown  in  Table  2. 

The  two  factor  ANOVA  resulted  in  significant  (p<0.05)  sexual  dimorphism  in 
16  of  the  25  characters  examined,  with  the  males  larger  in  each  of  these  characters 
except  for  MAXVAC.  The  nine  characters  not  significantly  different  were  BULPER, 
BULTOT,  INBUL,  M2 -Ms,  NV,  EAR  and  TRAG.  All  characters  were 

significantly  different  between  species  and  only  BULPER  had  a significant  inter- 
action between  sex  and  species. 

Principal  component  analysis 

This  a priori  analysis  was  carried  out  on  skull  and  dental  measurements  of  com- 
bined male  and  female  adults.  Factors  1,  2 and  3 explain  a total  of  89.6  per  cent  of 
the  observed  variation  (Table  3).  Plots  of  Factors  1 and  2 (Figure  3a)  showP.  wool- 
leyae  to  be  distinct  from  all  but  D.  rosamondae,  although  it  is  well  separated  from 
that  species  on  Factor  3 (Figure  3b).  The  P,  macdonnellensis  and  P.  ‘ningbing’ 
clusters  overlap  in  both  Figures  3a  and  b.  Parantechinus  apicalis  and  D,  rosa- 
mondae are  quite  distinct  from  the  other  species. 


Table  3 Principal  component  factor  scores  produced  by  varimax  rotation  based  on  skull 
measurements  of  didwlt  Pseudantechinus  species  (woolleyae,  macdonnellensis,  bilarni 
and  ‘ningbing’),  Parantechinus  apicalis  and  Dasykaluta  rosamondae. 


Character 

Factor  1 

Factor  2 

Factor  3 

MAXL 

.978 

-.083 

.085 

BASCRANL 

.981 

-.044 

.062 

MSKH 

.876 

-.095 

-.337 

MSKW 

.937 

.065 

-.126 

BULPER 

.426 

.627 

.503 

BULTOT 

.535 

.791 

-.100 

OBUL 

.911 

.308 

-.147 

INBUL 

.781 

-.539 

-.049 

C'-M^ 

.966 

-.155 

.101 

M^-M^ 

.924 

-.186 

-.052 

RM''-LM‘' 

.967 

-.036 

-.120 

INORB 

.859 

-.152 

-.245 

MAXVAC 

.631 

.026 

.586 

NASL 

.712 

-.304 

.496 

DC-Ii 

.983 

-.050 

.049 

Ii-Ms 

.957 

-.202 

.039 

M2-M5 

.923 

-.181 

-.028 

ANGCON 

.739 

.565 

-.109 

CONRAM 

.783 

.350 

-.186 

Variation 

explained  (%) 

72.3 

11.2 

6.1 
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Figure  3 
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Principal  component  analysis  based  on  skull  characters  of  species  of  Parantechini 
sensu  Archer  (1982).  (a)  Factors  1 and  2,  (b)  Factors  1 and  3.  P.  woolleyae  (A)^ 
P.  macdonnellensis  (o),  P.  bilarni  (a)^  P,  ‘ningbing’  (•),  P.  apicalis  (□)  and  D.  rosa- 
mondae  (■). 
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Pseudantechinus  woolleyae  is  separated  from  P.  apicalis  and  P,  bilarni  (to  a 
lesser  extent)  on  Factor  1,  which  is  influenced  most  by  those  characters  (Table 
3)  that  reflect  differences  in  overall  size  (MXL,  BASCRANL,  MASKH,  MSKW, 
OBUL,  ChM^  M2-M^  INORB,  DC-Ii,  I1-M5,  M^-Ms).  It  is  separated  from  P. 
bilarni,  P.  ‘ningbing\  and  to  a lesser  extent  P.  macdonnellensis,  by  Factor  2, 
which  is  influenced  most  by  those  characters  related  to  size  and  shape  of  bullae 
and  the  shape  of  the  proximal  parts  of  the  dentary  (BULPER,  BULTOT,  INBUL, 
ANGCON,  CONRAM).  It  is  separated  from  D.  rosamondae  by  Factor  3 which  is 
most  influenced  by  the  following  characters:  skull  height  (MSKH),  periotic  length 
(BULPER),  maxillary  palatal  vacuity  (MAXVAC),  nasal  length  (NASL). 

Canonical  variate  analysis 

This  analysis  was  used  to  select  the  combination  of  skull  characters  which  best 
discriminate  between  the  four  species  of  Pseudantechinus  {woolleyae,  macdonnell- 
ensis,  bilarni,  ‘ningbing’)  and  Dasykaluta  rosamondae  and  Parantechinus  apicalis. 

Functions  1,  2 and  3 explain  a total  of  94.2  per  cent  of  the  variance  (Table  4). 
Function  1 primarily  distinguishes  P.  apicalis  from  the  other  species  (Figure  4).  It 


Table  4 Standardised  and  unstandardised  (in  brackets)  canonical  variates  based  on  skull 
measurements  of  adult  Pseudantechinus  species  (woolleyae,  macdonnellensis,  bilarni, 
and  ‘ningbing’),  Parantechinus  apicalis  and  Dasykaluta  rosamondae.  Canonical 
variate  scores  are  calculated  as  the  summation  of  the  products  of  the  unstandardised 
canonical  variates  and  the  respective  length  measurements  plus  the  constant. 


Character 

Function  1 

Function  2 

Function  3 

MAXL 

0.021  { 0.021) 

1.801  ( 1.839) 

-1.117  (-1.141) 

BASCRANL 

-1.130  (-1.130) 

-1.978  (-1.978) 

-0.469  (-0.469) 

MSKH 

1.447  ( 5.655) 

-0.75  7 (-2.960) 

-0.004  ( 0.014) 

MSKW 

0.038  ( 0.052) 

-0.279  (-0.376) 

-0.200  (-0.270) 

BULPER 

-0.370  (-1.570) 

0.719  ( 3.051) 

-0.400  (-1.697) 

BULTOT 

-0.115  (-0.393) 

-0.043  (-0.146) 

0.952  ( 3.244) 

OBUL 

-0.083  (-0.198) 

0.901  ( 2.148) 

0.335  ( 0.798) 

INBUL 

CkM® 

-0.154  (-0.530) 

-0.574  (-1.973) 

-0.219  (-0.754) 

0.514  ( 1.420) 

1.266  ( 3.499) 

-0.795  (-2.196) 

M^-M^ 

-0.122  (-0.474) 

0.071  ( 0.276) 

-0.073  (-0.281) 

RM^'-LM'’ 

0.621  ( 1.687) 

0.006  ( 0.015) 

0.099  ( 0.269) 

INORB 

-0.327  (-1.223) 

0.173  ( 0.646) 

0.237  ( 0.887) 

MAXVAC 

0.201  ( 0.415) 

-0.091  (-0.188) 

0.008  ( 0.017) 

NASL 

0.223  ( 0.366) 

-0.195  (-0.320) 

-0.008  (-0.014) 

DC-Ii 

0.357  ( 0.451) 

0.529  ( 0.668) 

1.072  ( 1.353) 

I1-M5 

-0.203  (-0.408) 

-0.075  (-0.150) 

0.065  ( 0.131) 

M2-M5 

0.283  ( 0.951) 

-0.627  ^2.108) 

0.778  ( 2.616) 

ANGCON 

-0.124  (-0.377) 

-0.310  (-0.942) 

0.183  ( 0.556) 

CONRAM 

-0.465  (-1.319) 

-0.106  (-0.302) 

0.159  ( 0.450) 

CONSTANT 

Variation 

(-28.789) 

(-29.464) 

(-10.323) 

explained  (%) 

60.2 

19.9 

14.1 
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Figure  4 Canonical  variate  analysis  based  on  skull  characters  of  species  of  Parantechini  sensu 
Archer  (1982),  with  variates  1 and  2 shown.  P.  woolleyae  (A),  P.  macdonnellensis 
(o),  P.  hilarni  (A),  P,  ‘ningbing'  (•),  P,  apicalis  (□)  and  D,  rosamondae  (■), 


CV  I 

Figure  5 Canonical  variate  analysis  based  on  skull  characters  with  variates  1 and  2 shown.  P. 
bilarnt  (A)^P,  ‘ningbing’  (•)  and /^.  macdonnellensis  (o). 
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is  greatly  influenced  by  BASCRANL,  MSKH,  C^-M^  and  (Table  4). 

Function  2 best  separates/^,  woolleyae  and/),  rosamondae  from  the  other  species. 
In  addition  to  the  characters  above  (except  for  RM'^-LM'^)  which  load  heavily  on 
this  function,  MAXL,  BULPER,  and  OBUL  are  important  characters  in  this  sep- 
aration. These  are  characters  related  to  overall  size  and  bullae  size  and  shape. 
Function  3 separates  D.  rosamondae  and  to  a lesser  extent  P.  woolleyae  from  the 
other  species  which  are  clustered  much  as  in  Function  2.  Characters  loading 
heavily  on  this  Function  are  MAXL,  BULTOT,  C^-M^  and  DC-Ii  (Table  4).  All 
P.  woolleyae  (N=11),P,  bilarni  (N=10), apicalis  (N=5),  A rosamondae  (N=4) 
were  correctly  classified.  Two  of  the  P,  macdonnellensis  (N=16)  were  incorrectly 
classified  as  P.  ‘ningbing’  and  one  P.  ‘ningbing’  (N=25)  was  incorrectly  classified 
as  P,  macdonnellensis. 

In  order  to  examine  the  group  of  Pseudant echinus  species  clustering  closely  in 
Figure  4 [macdonnellensis,  bilarni,  ‘ningbing’),  canonical  variate  analysis  was 
carried  out  on  these  three  species  alone  (Figure  5). 

Factor  1 clearly  separates  P.  bilarni  from  the  other  two  species.  This  Function 
is  largely  influenced  by  characters  (MAXL,  MSKW,  C^M^,  NASL,  M2-M5,  CON 


Table  5 Standardised  and  unstandardised  (in  brackets)  canonical  variates  based  on  skull 
measurements  oi  didvXX  Pseudantechinus  macdoyinellensis,  P.  bilarni  andP.  ‘ningbing’. 
Canonical  variate  scores  are  calculated  as  the  summation  of  the  products  of  the 
unstandardised  canonical  variates  and  the  respective  length  measurements  plus  the 
constant. 


Character 

Function  1 

Function  2 

MAXL 

-1.192  (-1.225) 

0.157  ( 0.162) 

BASCRANL 

-0.023  (-0.023) 

-1.798  (-1.773) 

MSKH 

0.063  ( 0.243) 

-0.359  (-1.374) 

MSKW 

-1.248  (-1.730) 

0.799  ( 1.107) 

BULPER 

0.127  ( 0.591) 

-0.473  (-2.203) 

BULTOT 

0.329  ( 1.117) 

0.867  ( 2.947) 

OBUL 

0.262  ( 0.637) 

0.521  ( 1.266) 

INBUL 

0.215  ( 0.709) 

0.476  ( 1.568) 

C‘-M^ 

-1.039  (-2.592) 

-0.517  ^1.291) 

M^-M^ 

-0.420  (-1.501) 

0.921  ( 3.290) 

RM^'-LM'* 

-0.091  (-0.243) 

0.016  ( 0.043) 

INORB 

0.099  ( 0.336) 

-0.638  ^2.15  7) 

MAXVAC 

0.222  ( 0.492) 

-0.615  (-1.363) 

NASL 

1.002  ( 1.724) 

-0.396  (-0.681) 

DC-li 

0.654  ( 0.836) 

1.163  ( 1.485) 

I1-M5 

-0.822  (-1.516) 

0.243  ( 0.449) 

M2-M5 

1.531  (4.966) 

0.040  ( 0.130) 

ANGCON 

0.163  ( 0.469) 

0.108  ( 0.312) 

CONRAM 

1.332  H-159) 

-0.232  (-0.723) 

CONSTANT 

( 2.712) 

(-17.165) 

Variation  explained  (%) 

72.3 

27.7 
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RAM)  (Table  5)  which  reflect  overall  size.  Function  2 clearly  separates  P.  ‘ning- 
bing’  from  the  other  two  species  except  for  one  specimen  of  P.  macdonnellensis; 
characters  important  to  this  function  were  BASCRANL,  MSKW,  BULTOT, 
M^-M^  and  DC-Ii.  In  addition  to  characters  reflecting  overall  size  those  reflecting 
bullae  and  maxillary  palatal  vacuities  were  also  important. 

Phylogenetic  analysis 

This  study,  employs  PAUP  and  uses  only  discontinuous  (bi  or  multistate)  charac- 
ters in  the  analysis.  This  is  because  of  the  difficulty  experienced  with  continuous 
measurements  in  producing  phytogenies  of  dasyurid  marsupials  (Kitchener  et  al 
1983,  1984)  and  with  other  groups  (Felsenstein  1982,  Archie  1985).  These  diffi- 
culties relate,  at  least  in  part,  to  the  problem  of  adjusting  continuous  characters 
for  size  and  in  representing  some  important  characters  as  measurements. 

Examination  of  the  phylogenetic  relationships  of  the  species  within  the  Paran- 
techini  was  aimed  at  determining  the  appropriate  genus  for  woolleyae.  It  was  not 
designed  to  evaluate  wider  relationships  --  although  some  conclusions  regarding 
these  can  be  drawn. 

The  PAUP  phylogenetic  analysis  is  based  on  the  coded  values  for  the  charac- 
ter states  of  the  species  presented  in  Table  6.  In  the  initial  analysis  Dasycercus 
cristicauda,  Dasyuroides  byrnei,  Dasyurus  hallucatus  and  Sarcophilus  harrisii 
were  entered  as  designated  outgroup  taxa  (Baverstock  et  al.  1982  had  shown 
them  to  be  closely  related).  However,  these  species  were  an  ingroup  with  P. 
apicalis  the  sister  species  to  S.  harrisii.  Subsequently  the  relationship  between 
the  Paranlechini  sensu  Archer  (1982)  and  D.  cristicauda,  D.  byrnei,  D.  hallu- 
catus and  S.  harrisii  were  examined  using  five  species  of  irnt  Ante chinus  (bellus, 
flavipes,  leo^  stuartii,  swainsonii)  as  outgi'oup  taxa.  Six  equally  pai'simonious 
phylogenetic  trees  were  produced  each  with  a length  of  135  and  a consistency 
index  of  0.504.  Two  of  these  trees  are  shown  in  Figure  6.  The  other  four  equally 
parsimonious  trees  have  a similar  topology  to  those  shown  except  for  reversal  of 
position  between  the  following  pairs:  P.  macdonnellensis jP.  ‘ningbing’,  P.  wool- 
leyaejP.  bilarni  and /I.  swainsoniilA.  leo. 

Our  phylogenetic  analysis  indicates  that  woolleyae  is  closest  to  macdonnellensis, 
‘ningbing’  and  bilarni,  but  that  the  relationships  between  these  taxa  is  not  resolved. 
The  species  apicalis  is  clearly  not  closely  related  to  bilarni  as  suggested  by  Archer 
(1982).  While  it  is  possible  to  recognise  woolleyae,  ‘ningbing’,  macdonnellenis 
and  bilarni  as  a grade  of  congeneric  species,  cladistically  such  a genus  would  be 
paraphyletic.  Another  interpretation  of  Figure  6 would  be  to  regard  all  the  in- 
group species  as  congeneric  (Dasyurus).  Such  a decision  would  be  a radical  depar- 
ture from  existing  classification  and  depends  completely  on  the  correct  rooting  of 
the  tree.  When  we  rooted  the  tree  in  Figure  6 at  a point  so  as  to  make  Xhc  Pseudan- 
techinus  species  monophyletic  (midway  between  D.  byrnei  and  the  nearest  Pseudan- 
techinus  species),  it  produced  a tree  of  151  units  length.  This  was  16  units  longer 
than  the  Figure  6 tree.  Interestingly,  Baverstock  et  al.  (1982)  considered  that  our 
ingroup  species  formed  an  unresolved  trichotomy. 
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Figure  6 Two  equally  parsimonious  phylogenetic  trees,  based  on  the  modal  coded  values  in 
macdonnellensis;  P.  xv.,  Pseudantechinus  woolleyae;  P.  b.,  Pseudantechinus  bilarni; 
of  Antechinus  were  designated  outgroup  taxa.  Branch  lengths  are  proportional  to 
patristic  distances.  P.  a.,  Parantechinus  apicalis;  S.  h.,  Sarcophilus  harrisii;  D.  h., 
Dasyurus  hallucatus;  D.  r.,  Dasykaluta  rosamondae;  D.  c.,  Dasycercus  cristicauda: 
D.  b.,  Dasyuroides  byrnei;  P.  n.,  Pseudantechinus  *ningbing’; /*,  m.,  Pseudantechinus 
macdonnellensis;  P.  w.^  Pseudantechinus  tuoolleyae;  P.  b.,  Pseudantechinus  bilarni; 
A.  siv.,  Antechinus  swainsonii;  A.  s.,  Antechinus  stuartii;  A.  Antechinus  leo; 
A,  /.,  Antechinus  flavipes;  A.  b.,  Antechinus  bellus. 

We  believe  that  a more  comprehensive  phylogenetic  appraisal,  which  is  beyond 
the  scope  of  this  study,  is  required  before  proposing  the  placement  of  all  our  in- 
group in  Dasyurus.  Such  a study  would  need  to  investigate  other  character  states 
and  use  alternate  phylogenetic  analyses  to  evaluate  the  robustness  of  our  tree; 
also  additional  outgroups  should  be  tested  (e.g.  Murexia). 

In  conclusion,  we  tentatively  place  woolleyae,  macdonriellenis,  bilarni  and 
‘ningbing’  in  Pseudantechinus  and  apicalis  in  Parantechinus. 

Archer  (1982,  Fig.  17)  produced  a “cladogram  of  hypothetical  phylogenetic 
relationships”  of  his  Parantechini  species  bilarni,  apicalis,  rosamondae,  ‘ningbing’ 
and  macdonnellensis.  He  stated  that  this  ‘cladogram’  was  based  on  the  15  cranial, 
dental  and  external  character-states  of  his  Table  2.  The  most  likely  cladogram 
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arising  from  his  analysis  of  these  15  characters  which  can  be  derived  from  his 
Table  4,  shows  no  support  for  separating  off  apicalis  and  bilarni  in  the  genus 
Parantechinus.  Also,  there  is  no  support  for  separating  out  rosamondae  as  a mono- 
typic  genus  for  it  is  the  sister  species  to  macdonnellensis.  Further,  this  cladogram 
is  not  robust,  for  when  Archer  (1982)  added  just  two  further  phallic  characters 
(of  unknown  polarity)  the  cladogram  assumed  a considerably  different  con- 
figuration which  was  the  basis  for  Archer’s  (1982)  identification  of  bilarni j apicalis 
and  macdonnellensis as  two  monophyletic  groups  on  which  he  settled 
the  genera  Parayitechinus  and  Pseudant echinus,  respectively,  and  Dasykaluta  for 
rosamondae.  It  should  be  noted  here  that  Archer’s  grouping  of  apicalis  and  bilarni 
as  sister  species  relies  solely  on  what  he  considered  to  be  their  synapomorphic 
possession  of  three  accessory  corpora  cavernosa.  However,  Woolley  (1982:  777) 
points  out  that  there  is  a substantial  difference  between  the  accessory  corpora 
cavernosa  of  these  two  species;  they  arc  joined  distally  in  bilarni  and  remain 
separate  in  apicalis.  Thus  in  our  treatment  of  this  character  we  refer  to  them  only 
as  being  either  present  or  absent. 

Specimens  examined 

Specimens  prefixed  with  WAM,  Western  Australian  Museum;  with  JM,  Queensland  Museum; 
with  FMNH,  Field  Museum  of  Natural  History,  Chicago,  USA;  with  CAWC,  Central  Australian 
Wildlife  Collection. 

Specimens  as  (all  have  skulls);  S,  skin;  P,  postcranial  skeleton;  FA,  bodies  fixed  in  10  per 
cent  formalin  and  preserved  in  75  per  cent  ethanol.  All  specimens  are  adult  unless  stated  other- 
wise. 

Pseudantechinus  woolleyae  (paratypes) 

Western  Australia  29  km  S of  Roebourne,  21°02'10”S,  117°07'30''E,  1 9,  WAM  M24151 
(FA);  Mardie  Station,  21°15'00''S,  1 16°07'40''E,  1 d,  WAM  M19676  (FA);  Woodstock  Station, 
21°37'00"S,  118°57'00''E,  1 9,  WAM  M7122/001  (S,  4 9 pouch  young  - M7122/022-5*); 
Mount  Florence  Hmsd,  21°47'00"S,  117“51'00"E,  1 d,  WAM  M22339  (FA);  Nullagine,  21°53' 
00''S,  120°07'00''E,  1 d,  WAM  M716  (S);  Barton  Battery,  21°53'00"S,  120°17'00"E,  1 9, 
WAM  M2554  (S);  Rudall  River  National  Park,  22°20'25''S,  122°02'03"E,  1 9,  WAM  M25772 
(FA);  Barlee  Range,  23°45'00''S,  1 1 6°20'00'’E,  1 d,  WAM  M3478  (FA);  Wooleen  Hmsd,  27°05' 
00''S,  1 16°10'00''E,  1 9,  WAM  M2406  (S,  5 pouch  young  — 4 d,  1 unknown,  M2407-11*); 
Poona  Hill,  27°36'00"S,  116°17'00"E,  1 d,  WAM  M24300  (FA);  Kathleen  Valley  Station, 
27°20'00'’S,  120°30'00''E,  1 9,  WAM  M8462  (juvenile,  FA);  Yoweragobbie,  28°16'00"S, 
117°23'00''E,  1 9,  WAM  M21153  (FA). 

Pseudantechinus  macdonnellensis 

Northern  Territory.  Near  Tennant  Creek,  19°39'00''S,  134°15'00''E,  1 9,  WAM  M6289 
(FA). 

Western  Australia.  Woodstock  Stn,  21°36'30''S,  118°57'30"E,  1 9,  WAM  M5511  (FA); 
Woodstock  Stn,  21°37'00"S,  1 18°57'00''E,  1 d,  WAM  M7123  (S);  Lake  Auld,  21°44'00''S, 
123°40'00''E,  1 9,  WAM  M25602  (S,  FA);  near  Yardie  Well,  22°19’30"S,  113°48'30''E,  1 9, 
WAM  M18139  (FA);  Great  Sandy  Desert,  22°27'00''S,  123°54'00"E,  1 d,  WAM  M22691  (FA); 
near  GUI  Pinnacle,  24°54'00''S,  128°47'00''E,  1 d,  WAM  M15372  (FA);  Young  Range,  25°02' 
30''S,  124°59'30"E,  1 d,  WAM  M24101  (FA);  Young  Range,  25°03'00''S,  124°59'30"E,  1 d. 


* M7122/004  & 005,  M2407,  M2408  heads  removed  and  sectioned. 
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WAM  M24102  (FA);  Mount  Charles,  25°45'00''S,  126°11'00"E,  1 9,  WAM  M14669  (FA); 
Lightning  Rock,  26°00'00''S,  127°40'00"E,  2 (5,  1 9,  WAM  M8931  (S,  FA),  WAM  M8933  (FA); 
WAM  M8927  (S);  near  Lightning  Rock,  26°04'40"S,  127°45'50"E,  1 9,  WAM  M8938  (FA); 
Blackstone  Range,  26°00'00''S,  128°ll'00'E,  1 6,  WAM  M15369  (FA);  Winduldurra  Rock- 
hole,  26°31'15"S,  126°01'30''E,  1 6,  WAM  M13855  (FA). 

Pseudantechinus  hilarni 

Northern  Territory.  Cannon  Hill,  Kakadu,  12°22'00"S,  132°57'00''E,  2 d,  1 9,  JM1440 
(FA),  JM1194  (FA),  JM1193  (FA);  Jabiluka  Hill,  12°30'00''S,  132°53'30"E,  1 9,  CAWC1021 
(FA);  Ja  Ja  Camp,  12°3l'00"S,  132°54'00"E,  1 9,  CAWCIOOO  (FA);  Djawamba  Massif,  12°33' 
00''S,  132°55'30''E,  1 d,  CAWC1022  (FA);  near  Mount  Brockman,  12°44'00''S,  132°54'00''E, 
1 d,  JM2316  (FA);  Nourlangie  Rock,  12°51'00''S,  132°49'00'’E,  1 d,  1 9,  JM2320  (FA), 
JM2319  (FA);  Nourlangie  Rock,  12°52'00''S,  132°50'00''E,  1 d,  WAM  M23844  (FA);  Table 
Top  Range,  13°07'00''S,  130°ll'00"E,  1 9,  CAWC472  (S);  Ferguson  R.,  14°04'00''S,  132°19' 
00''E,  1 d,  CAWC475. 

Pseudantechinus  ‘ningbing’ 

Western  Australia.  Kalumburu,  14°18'00”S,  126°38'00''E,  2 d,  WAM  M7124  (S,  FA),  WAM 
M7126  (FA);  Mitchell  Plateau,  14°53'25''S,  125°44'35''E,  1 d,  WAM  M21719  (FA);  Mitchell 
Plateau,  14°53'30''S,  125°45'00"E,  1 9,  WAM  M22035  (FA);  Mitchell  Plateau,  14°53'40"S, 
125°45'20''E,  1 d,  WAM  M15787  (FA);  near  Ningbing,  14°58'10"S,  128°35'30''E,  1 9,  FMNH 
120549  (FA);  Ningbing  Bore,  15°14'30"S,  128°40'30''E,  1 d,  3 9,  WAM  M7130  (FA),  WAM 
M7129  (FA),  WAM  M7125  (S,  P),  WAM  M7131  (S);  near  Ningbing,  15°15'00"S,  128°40'00"E, 
1 d,  4 9,  JM2315  (FA),JM2325  (FA),  JM1480,  JM1477,  WAM  M24505.001  (FA);  near  Ning- 
bing, 15°17'00"S,  128°40'00"E,  2 9,  JM1208  (FA),  JM1481;  South  Heywood  Is,  15°20' 
00''S,  124°20'00''E,  1 9,  WAM  M9252  (FA);  Prince  Regent  R.  Reserve,  15°26'12"S,  125°36' 
42''E,  1 d,  WAM  M12334  (FA);  44.5  km  N Kununurra,  15°28'00''S,  128°45'00''E,  1 d,  JM 
231 4 (FA); Prince  Regent  R.  Reserve,  15°37'32''S,  125°18'04''E,  1 9,  WAMM12368  (FA);Parry 
Creek,  15°40'00''S,  128°15'00"E,  1 9,  WAM  M7132  (S,  P);  Ord  R.,  16°07T5"S,  128°44'40''E' 
1 d,  WAM  M11592  (FA);  Elgee  Cliffs,  16°35'00"S,  127°43'00''E,  1 9,  WAMM15933  (S,  FA); 
Beverley  Springs,  16°44'40''S,  125°22'30"E,  1 9,  WAM  M15931  (S,  FA);  Napier  Downs, 
17°15'00''S,  124°44'00''E,  1 9,  FMNH119802  (FA);  Brooking  Springs,  18°0l'05"S,  125°31' 
40''E,  1 9,  WAMM15932  (FA);  near  Brooking  Springs,  18°01'20''S,  125°32'20''E,  1 9,  FMNH 
119800  (S). 

Parantechinus  apicalis 

Western  Australia.  Jerdacuttup,  33°53'00''S,  120°14'00''E,  1 d,  WAMM23495  (mummified); 
near  Mount  Many  peaks,  34°53'20''S,  118°24'00"E,  2 d,  2 9,WAMM9669  (FA);WAMM23496 
(FA),  WAM  M9668  (FA),  WAM  M24378. 

Dasykaluta  rosamondae 

Western  Australia.  Tabba  Tabba,  20°50'00''S,  1 18°53'00''E,  1 9,  WAM  M8089.001  (FA); 
Abydos,  21°25'00"S,  1 18°55'00''E,  2 d,  WAM  M2937  (S),  WAM  M3416  (S);  Woodstock, 
21°37'00''S,  118°57'00"E,  1 d,  WAMM3421  (FA);Tambourah,  21°45'00''S,  119°11'00''E,  1 9, 
WAM  M2186  (S);  Great  Sandy  Desert,  22°27'00"S,  123°54'00''E,  1 9,  WAM  M22689  (FA); 
Great  Sandy  Desert,  22°33'00''S,  122°23'00”E,  1 9,  WAM  M22688  (FA);  Moongoongungyah, 
22°51'30''S,  121°49'00"E,  1 d,  WAM  M15413  (FA). 

Dasyuroides  byrnei 

Queensland.  Birdsville,  25°54'00''S,  139°21 '00''E,  1 d,  WAM  M4541  (S). 

No  data.  1 d,  1 9,  WAM  M8390  (S,  P),  WAM  M18918  (FA). 

Dasycercus  cristicauda 

Northern  Territory.  258  km  NNW  Alice  Springs,  22°04'00''S,  132°06'00"E,  1 9,  WAM 
M6535  (S). 
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Queensland.  Sandringham,  24°05'00"S,  139°04'00"E,  1 d,  1 9,  WAM  M9670  (FA),  WAM 
M9671  (FA). 

Western  Australia.  Kuduarra  Well  (No.  46)  Canning  Stock  Route,  20°40^00"S,  1 26°26^00'*E, 
2 d,  WAM  M1512  (S),  WAM  M1513  (S);  Mallowa  Well  (No.  32)  Canning  Stock  Route,  22°25' 
00"S,  124^35'00^'E,  1 d,  WAM  M1497  (S). 

Dasyuriis  hallucatus 

Northern  Territory.  Deaf  Adder  Creek,  12°59'00''S,  132°47'00''E,  1 d,  WAM  M7863  (P). 
Western  Australia.  Anjo  Point,  13°57'00"S,  126°34'00^'E,  1 9.  WAM  M10355  (FA);  Kalum- 
buru,  14°18'00"S,  126°38'00"E,  1 9,  WAM  M7168  (S,  P);  Wollaston  Is,  14°29'30"S,  125°28' 
40"E,  1 d,  WAM  M9349  (FA);  Prince  Regent  R.  Reserve,  15°35'00"S,  125°ll'00"E,  1 9, 
WAM  M22417  (l  A);  Dolphin  Is,  20°29'00"S,  116°50'00"E,  1 d,  WAM  M11214  (FA). 

Sarcophilus  harrisii 

Tasmania.  2 d,  1 ?sex,  WAM  Ml  7183-5  (S),  Swansea,  42°08'00"S,  148°04'00"E,  2 ?sex,  WAM 
M16592-3. 
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A new  species  of  false  antechinus  (Marsupialia:  Dasyuridae)  from  the 

Kimberley,  Western  Australia 


D J.  Kitchener* 


Abstract 

Pseudant echinus  ningbing  sp.  nov.,  recognised  as  a species  in  literature,  is  herein 
formally  described.  It  is  widely  distributed  in  the  Kimberley  district,  Western  Aust- 
ralia. 


Introduction 

The  false  antechinusus  or  Parantechini  sensu  Archer,  1982  were  recognised  as  a 
distinct  group  on  the  basis  of  isozyme  electrophoresis  by  Baverstock  et  aL  (1982), 
who  included  within  this  group  the  following  Antechinus  species:  A,  macdonnellen- 
sis  (Spencer,  1896);  A.  bilarni  Johnson,  1964  and  A,  rosamondae  Ride,  1964. 
Baverstock  et  aL  (1982)  suggested  that  the  form  referred  to  as  hiingbing’  probably 
belonged  to  this  group.  Archer  (1982),  using  essentially  cranial  and  several  external 
characters,  considered  that  the  Parantechini  comprised  three  genera.  He  recognised, 
but  did  not  formally  describe,  the  ‘ningbing’  form  as  a species  and  placed  it  in 
Pseudantechinus  Tate,  1947  — which  he  considered  to  also  include  macdonnellensis. 
Woolley  (1982),  on  the  basis  of  phallic  morphology,  also  recognised  the  ‘ningbing’ 
form  and  placed  it  in  the  Parantechini.  Cooper  and  Woolley  (1983)  examined 
the  electrophoretic  mobility  of  proteins  and  enzymes  of  eight  species  of  dasyurid 
marsupials,  including  the  ‘ningbing’  form,  and  concluded  that  ‘ningbing’  was 
probably  a species. 

Kitchener  and  Caputi  (1988)  described  the  species  Pseudantechinus  woolleyae 
and  also  recognised  Pseudantechinus  ‘ningbing’  as  a species.  They  concluded  that 
P.  ‘ningbing’  was  sexually  dimorphic,  it  was  phenetically  closest  to  Pseudan- 
techinus macdonnellensis  and  Pseudantechinus  bilarni^  and  phylogenetically 
closest  to  P.  macdonnellensis,  P,  bilarni  and  P.  woolleyae,  but  could  not  resolve 
the  relationships  between  these  Pseudantechinus  species.  A canonical  variate 
analysis  that  enabled  recognition  of  P.  ‘ningbing’  was  incorporated  in  their  study. 

The  ‘ningbing’  form  of  false  antechinus,  first  collected  by  W.H.  Butler  at 
Parry  Creek,  Western  Australia,  on  31  July  1965,  is  herein  formally  described  as 
a new  species. 


* Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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Materials  and  methods 

Measurements 

Description  of  morphology  follows  Archer  (1981).  Tooth  number  follows 
Archer  (1978).  Cranial  and  external  points  used  for  measurements  also  follow 
Archer  (1981)  and  Kitchener  and  Caputi  (1988).  Nineteen  measurements  of  skull 
and  dental  characters,  five  of  external  body  characters  (in  mm)  and  weight 
(in  gms)  were  recorded  from  adult  specimens.  Abbreviation  for  these  measurements 
are  as  follows:  MAXL,  maximum  skull  length;  BASCRANL,  basicranial  length; 
MSKH,  maximum  skull  height;  MSKW,  width  across  zygoma;  OBUL,  outside 
bullae  distance;  INBUL,  inside  bullae  distance;  BULTOT,  length  of  tympanic 
wing  of  alisphenoid  and  periotic,  from  posterior  lacerate  foramen  to  anterior 
edge  of  alisphenoid  wing;  BULPER,  length  of  periotic  tympanic  wing  from 
lacerate  foramen  to  contact  point  with  alisphenoid  tympanic  wing,  measured 
in  the  same  line  as  for  BULTOT;  C'-M^ , M^M^  Ij-Mj , Mj-Mj  crown  lengths; 
RM'*-LM^,  width  outside  crowns;  INORB,  minimum  interorbital  width;  MAXVAC, 
maximum  length  of  maxillary  palatal  vacuity;  NASL,  nasal  length;  DC-Ii  dentary 
condyle  to  R;  ANGCON,  tip  of  angular  process  to  articular  condyle;  CONRAM, 
articular  condyle  to  anterior  border  of  ascending  ramus;  NV,  tip  of  rhinarium 
to  vent  length;  TV,  tail  tip  to  vent  length;  HF,  hind  foot  length;  EAR,  ear  height 
from  notch;  TRAG  supratragus  width;  WT,  weight. 

Institutional  origin  of  specimens  is  denoted  by  prefixing  their  catalogue  num- 
bers as  follows;  JM,  Queensland  Museum,  Brisbane;  WAM,  Western  Australian 
Museum,  Perth;  and  FMNH,  Field  Museum  of  Natural  History,  Chicago. 


Systematics 

Pseudantechinus  ningbing  sp.  nov. 
Table  1,  Figure  1 


Holotype 

Western  Australian  Museum  catalogue  number  M15787,  adult  male,  skull  removed,  body 
fixed  in  10  per  cent  formalin  and  preserved  in  75  per  cent  ethanol.  Trapped  by  L.  Keller  on 
24  October  1976. 

Type  locality 

Mitchell  Plateau,  Kimberley  region,  Western  Australia  (14°53'40^'S,  125°45'20"E)  at  an 
altitude  of  ca.  220  m,  in  a vegetation  of  mixed  low  woodland  with  Acacia  spp.  prominent  over 
Triodia  sp.  hummock  grass  on  rugged  sandstone. 

Paratypes 

Specimens  as  (all  have  skulls  removed):  S,  skin;  P,  postcranial  skeleton;  FA,  bodies  fixed  in 
10  percent  formalin  and  preserved  in  75  percent  ethanol.  All  specimens  are  adult  unless 
otherwise  stated. 

Western  Australia.  Kalumburu,  14°18'00"S,  126°38'00"E,  2 d,  WAM  M7124  (S,  FA), 
WAM  M71261  (S,  FA);  Mitchell  Plateau,  14°53'25''S,  125°44'35”E,  1 d,  WAMM21719  (FA); 
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Mitchell  Plateau,  14°53'30"S,  125°45  20"E,  1 9,  WAM  M22035  (FA);  near  Ningbing,  14°58' 
10"S,  128°35'30"E,  1 9,  FMNH120549  (FA);  Ningbing  Bore,  15°14'30"S,  128°40'30"E, 
1 d,  3 9,  WAM  M7130  (FA),WAMM7129  (FA),  WAMM7125  (S,P),WAMM7131  (S);  near  Ning- 
bing, 15°15'00''S,  128°40'00''E,  1 d,  4 9,  JM2315  (FA),  JM2325  (FA),  JM1480,  JM1477, 
WAM  M24505.001  (2  pouch  young  WAM  M24505.002-.003)  (FA);  near  Ningbing,  15°17' 
00”S,  128°40'00"E,  2 9,  JM1208  (FA),  JM1481;  South  Heywood  Is,  15°20'00"S,  124°20' 
00"E,  1 9,  WAM  M9252  (FA);  Prince  Regent  River  Reserve,  15°26*12”S,  1 25'^36'42"E,  1 d, 
WAM  M12334  (FA);  44.5  km  N Kununurra,  15^28'00”S,  128°45’00''E,  1 d,  JM2314  (FA); 
Prince  Regent  River  Reserve,  15°37'32^'S,  128°18'04"E,  1 9,  WAM  M12368  (FA);  Parry  Creek, 
15°40'00"S,  128°15'00"E,  1 9,  WAM  M7132  (S,  P);  Ord  River,  16°07'15"S,  128°44'40"E, 
1 d,  WAM  M11952  (FA);  Elgee  Cliffs,  16°35'00"S,  127°43'00"E,  1 9,  WAM  M15933  (S,  FA); 
Beverley  Springs,  16°44'40"S,  125''22'30'^E,  1 9,  WAM  M15931  (S,  FA);  Napier  Downs  Fist., 
17°15'00"S,  124°44'00"E,  1 9,  FMNH119802  (FA);  Brooking  Springs,  18°0r05"S,  125°32' 
40"E,  1 9,  WAM  M15932  (FA);  near  Brooking  Springs,  18°01'20"S,  125°32'20"E,  1 9,  FMNH 
119800  (S). 

Diagnosis 

Pseudant echinus  ningbing  is  diagnosed  against  the  other  Pseudant echinus 
species  recognised  by  Kitchener  and  Caputi  (1988);  skull,  dental,  tooth  measure- 
ments of  these  other  species  are  presented  in  Kitchener  and  Caputi  (1988).  All 
measurements  are  in  mm. 

Pseudantechinus  ningbing  differs  from  Pseudantechinus  bilarni  in  being  slightly 
smaller  in  most  characters  measured  except  for  having  generally  longer  maxillary 
palatal  vacuities  3.6  (2. 4-4. 3)  v.  2.8  (2. 2-3. 8)  and  generally  longer  periotic  tym- 
panic bulla  3.0  (2. 5-3. 5)  v.  2.7  (2. 3-2.9);  ratio  of  periotic  tympanic  to  alisphenoid 
tympanic  bulla  length  also  larger  0.506  (0.439-0.545)  v.  0.450  (0.418-0.466); 
tail  approximately  subequal  to,  rather  than  longer  than  head  and  body  length; 
crown  area  small,  less  than  half  rather  than  more  than  three-quarters  that  of  ; 
P3  usually  absent  rather  than  always  present;  stylar  cusp  B (StB)  onM^  usually  ab- 
sent or  low  rather  than  usually  moderate  and  occasionally  tall;  squamosal  and 
frontal  usually  in  contact  rather  than  not  close;  tail  usually  incrassate  rather  than 
not  incrassate;  pes  shorter  14.3  (13.0-15.4)  v.  16.6  (14.8-18.4)  and  females  with 
four  rather  than  six  teats. 

It  differs  from  Pseudantechinus  macdonnellensis  in  having  smaller  bullae: 
BULTOT  5.9  (5.5-6.5)  v.  6.5  (6.0-7.0),  OBUL  11.1  (10.5-11.9)  v.  11.61  (10.8- 
12.3),  INBUL  5.5  (5. 0-6. 2)  v.  5.2  (4. 6-5. 7);  periotic  slightly  more  inflated;  P^ 
crown  area  usually  more  than  one-quarter  that  of  P^ ; P^  usually  two  roots, 
occasionally  one,  rather  than  usually  one  root  or  occasionally  absent;  tail  length 
generally  subequal  to  rather  than  less  than  head  to  vent  length;  penile  appendage 
absent  and  females  with  four  rather  than  six  teats. 

It  differs  from  Pseudantechinus  woolleyae  in  being  generally  smaller  in  all 
skull  and  dental  measurements  (except  distance  between  bullae,  INBUL),  having; 
bullae  smaller  3.0  (2. 5-3. 5)  v.  3.8  (3. 3-4.3),  BULTOT  5.9  (5. 5-6. 5)  v.  7.6  (7.1- 
8.2);  periotic  less  inflated;  P^  crown  area  less  than  one-half,  rather  than  more 
than  three-quarters  that  of  P^  ; P3  usually  absent  rather  than  usually  present; 
squamosal  and  frontal  in  contact  or  close;  StB  very  low  or  absent  rather  than 
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Table  1 Sample  size  (N),  mean  (X),  standard  deviation  (SD),  minimum  and  maximum  values  for  measurements  (mm)  and 
weight  (gms)  of  male  and  female  Pseudant echinus  ningbing.  Explanation  of  character  codes  in  Methods. 
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moderate;  M4  entonocid  absent  rather  than  moderate  or  large;  tail  longer  or  sub- 
equal to  snout  to  vent  length,  not  incrassate;  tail  slightly  less  heavily  furred; 
female  with  four  rather  than  six  teats. 

Description 

Skull  and  dentary 

Skull  moderately  large  but  not  especially  robust,  cranium  and  lambdoidal 
crest  low  and  sagittal  crest  and  postorbital  swellings  absent;  nasal  length  moderate; 
nasals  usually  slightly  flared  proximally,  occasionally  unflared  or  moderately 
flared;  squamosal  and  frontal  usually  in  contact  or  close,  occasionally  not  close; 
maxillary  palatal  vacuities  moderate,  normally  located  between  a line  drawn  from 
metacone  and  metacone;  premaxillary  palatal  vacuities  do  not  extend  pos- 
terior to  a line  joining  C*  posterior  edge;  palatine  vacuities  usually  small,  occa- 
sionally absent  or  moderate;  alisphenoid  tympanic  bulla  usually  moderate,  occa- 
sionally large  and  moderately  inflated,  almost  covers  ectotympanic  wing,  in  wide 
contact  with  periotic  tympanic  wing.  Dentary  with  distance  between  tip  of  angular 
process  and  articular  condyle  subequal  to  that  between  articular  condyle  and  tip 
of  ascending  ramus. 

Dentition 

tallest  of  upper  incisors  separated  from  P by  diastema  which  approximates 
V thickness;  P,  and  I"*  approximately  same  height  and  crown  area,  occa- 
sionally P shorter  than  I'*;  separated  from  by  substantial  diastama;  C 
with  slight  buccal  antcro  - and  posterolingual  cingula,  slight  to  moderate  pos- 
terior cingular  cuspule;  C*  crown  height  about  twice  that  of  P^;  usually  slight 
diastema  between  and  and  between  upper  premolars;  crown  height  P^  > 
pi>p3  present);  P^  and  P^  with  antero— and  posterobasal  cingular  cus- 

pules,  encircled  by  moderate  cingula;  P^  varies  from  having  a morphology  similar 
to  P^  and  P^,  to  a short  stump  without  cuspules  or  cingula;  crown  area  of  P'^ 
between  one-quarter  to  one  half  P^;  P^  usually  with  two  roots,  occasionally  one; 
metacone  taller  than  StD  on  M^,  taller  or  subequal  on  and  StD  taller  than 
StB  on  and  but  subequal  on  M**;  StB  shorter  than  paracone  on  and 
but  subequal  on  ; StB  on  usually  low  or  absent,  occasionally  moderate; 
prcprotocrista  forms  wide  contact  with  anterior  cingular  shelf  on  M^,  terminates 
at  anterior  base  of  paracone  on  preparacrista  connects  StB  directly  to 

paracone;  post-protocrista  connects  to  posterolingual  base  of  metacone; 

posterior  lingual  and  buccal  cingula  absent  to  M^;  on  IVP  preparacrista  sub- 
equal to  postparacrista,  which  is  half  length  of  premetacrista,  which  is  about  half 
length  of  postmetacristaa;  on  preparacrista  almost  twice  length  of  postpara- 
crista, which  is  half  length  of  premetacrista,  which  is  just  less  than  half  length 
of  postmetacrista;  on  IVP^  preparacrista  almost  three  times  longer  than  post- 
paracrista, which  is  half  length  of  premetacrista,  which  is  about  half  length  of 
postmetacrista;  on  metacone  absent,  protocone  (usually  uncompressed)  and 
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Figure  1 (a)  Skull  and  dentary  of  Pseudantechinus  ningbing  holotype.  Ventral  aspect  of  skull 

as  stereopairs.  Scale  line  10  mm.  Oblique  view  of  (b)  upper  and  (c)  lower  RHS 
toothrows  as  stereopairs.  Scale  line  2 mm. 
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paracone  very  reduced,  preparacrista  about  twice  length  of  postparacrista; 
usually  narrower  than  occasionally  subequal  or  wider. 

Ii  taller  crowned  than  I2  which  is  subequal  in  length  to  I3;  Ij  to  I3  with  low 
posterior  cingular  cuspule;  I3  also  with  smaller  posterobuccal  cuspule,  such  that 
the  notch  separating  these  posterior  cuspules  accommodates  Ci  anterior  edge;  Ci 
tall,  twice  height  of  P2,  slight  lingual  cingulum  and  occasional  small  posterior  cin- 
gular cuspule;  crown  area  Pi  and  P2  subequal;  P3  absent  in  all  but  two  specimens; 
Pi  and  ?2  have  narrow  encircling  cingula,  usually  very  narrow  in  buccal  aspect 
above  anterior  root;  P2  and  M2  separated  by  short  diastema;  on  M2  protoconid 
much  taller  than  metaconid,  (paraconid  absent  or  rudimentary),  which  is  shorter 
than  hypoconid,  hypoconulid  rudimentary,  entoconid  absent;  on  M3  and  M4 
protoconid  much  taller  than  metaconid  which  is  taller  than  paraconid,  which  is 
taller  than  hypoconid,  which  is  taller  than  hypoconulid;  entoconid  (when  present) 
small;  M5  similar  in  shape  to  M3  and  M4  except  that  talonid  reduced  to  a rudi- 
mentary hypoconid  and  hypoconulid;  crista  obliqua  contacts  metacrista  at  base  of 
central  notch  in  Mg  but  moves  progressively  closer  to  protoconid  in  M4  to  M2; 
on  M2  paracristid  longer  than  metacristid  which  is  subequal  in  length  to  crista 
obliqua  and  hypocristid;  on  M3  paracristid  longer  than  metacristid  and  hypo- 
cristid,  which  are  much  longer  than  crista  obliqua;  on  M4  paracristid  longer  than 
metacristid,  which  is  longer  than  hypocristid  which  is  longer  than  crista  obliqua; 
on  Mg  paracristid  longer  than  metacristid,  which  is  much  longer  than  crista 
obliqua;  M2  to  M4  have  anterior  and  posterior  cingula  but  no  lingual  or  buccal 
cingula. 

Externals 

Pelage  and  skin  colour 

Described  following  Ridgway’s  (1912)  colour  standards  from  eight  ‘puppet’ 
skins  WAM  (M7124-6,  M7131-2,  M15931  and  M15933)  FMNH  119800. 

Overall  fur  colour  dorsally  Buffy  Brown,  ventrally  Cartridge  Buff.  Hairs  pos- 
terior to  base  of  ear  up  to  6 mm,  Pallid  Neutral  Gray  at  base,  distal  4 mm  Pinkish 
Cinnamon.  Hairs  on  shoulder,  back  and  flanks  up  to  9.5  mm,  base  of  hairs  Neutral 
Gray,  distal  3.5  mm  Pinkish  Buff  lightly  tipped  with  Warm  Sepia.  Hairs  on  fore- 
head, rostrum  and  sides  of  face  shorter  (up  to  2.5  mm),  base  of  hairs  Warm  Sepia, 
distal  1.5  mm  Pinkish  Buff  tipped  with  Warm  Sepia.  Ears  lightly  furred  with 
1 mm  long  hairs,  these  Cinnamon  Buff  lightly  tipped  with  Mikado  Brown  on  both 
the  inner  and  outer  surfaces.  Hairs  on  inner  ear  surface  of  the  anterobasal  helix, 
central  antihelix  and  general  antitragal  area  are  thicker,  longer  (up  to  3 mm), 
these  Warm  Sepia  at  base,  distal  2 mm  Pinkish  Buff.  Guard  hairs  on  dorsum 
numerous  up  to  9.5  mm  long,  Warm  Sepia.  Hairs  on  ventral  surface  of  body  and 
throat  up  to  6.5  mm  long,  base  of  hairs  Light  Neutral  Gray,  distal  2.5  mm  Cart- 
ridge Buff.  Hair  on  chin,  sides  of  mouth,  manus  and  pes  up  to  2.5  mm  long,  these 
Warm  Sepia  at  base,  distal  1 mm  Pale  Pinkish  Buff. 

Tail  moderately  well  furred.  Cn  dorsal  surface  of  tail,  hairs  up  to  3.5  mm  long, 
basal  0.5  mm  Warm  Sepia,  ceri:ral  1.5  mm  Pinkish  Cinnamon,  distal  1.5  mm 
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Warm  Sepia;  this  distal  region  of  the  hairs  appreciably  thinner  than  at  the  base. 
On  ventral  surface,  hairs  up  to  3 mm  long,  base  Warm  Sepia,  distal  2 mm  Light 
Pinkish  Cinnamon.  Hairs  at  tail  tip  up  to  5 mm  long,  Verona  Brown,  extending 
slightly  beyond  tip  but  not  forming  obvious  tuft.  Up  to  30  mystacial  vibrissae, 
posteriorly  these  are  up  to  37  mm  long,  Warm  Sepia  at  base  through  Cinnamon 
to  Pale  Pinkish  Buff  distally.  On  edge  of  lips  shorter  (up  to  7 mm  long).  Pale 
Pinkish  Buff.  One  or  two  supraorbital  vibrissae  up  to  20  mm  long  and  six  to 
eight  genal  vibrissae  up  to  25  mm  long,  the  colouration  as  for  that  of  the  posterior 
mystacial  vibrissae.  Five  submental  vibrissae,  up  to  5 mm  long  and  two  interramal 
vibrissae.  up  to  11  mm  long,  Pale  Pinkish  Buff.  Up  to  six  ulnar  carpal  vibrissae. 
Pale  Pinkish  Buff,  up  to  11  mm  long.  Two  to  three  vibrissae  between  the  anconeal 
and  medial  antebrachial  regions  of  the  foreleg,  Cinnamon  at  base  becoming  Pale 
Pinkish  Buff  distally,  up  to  10  mm  long. 

Skin  of  pes  and  manus  Pinkish  Buff.  Skin  of  ear  Mikado  Brown. 

Pes 

Terminal  digital  pads  small,  smooth;  the  three  interdigital  pads  large,  elongate, 
separate  from  each  other;  hallucal  pads  elongate,  approximately  half  size  of  inter- 
digital pads;  metatarsal  and  post  hallucal  pads  subequal  in  size  to  interdigital  pads. 
All  pads,  except  the  terminal  ones,  heavily  striate. 

Distribution 

Pseudantechinus  ningbing  is  known  only  from  the  Kimberley  region  of  Western 
Australia  where  it  is  widely  distributed  (Figure  2)  in  each  of  Beard’s  (1980) 
botanical  districts  of  the  region  (Gardner,  Fitzgerald,  Dampier  and  Hall).  These 
districts  have  from  dry  hot  tropical  to  scmi-arid  climates  with  precipitation  ranging 
from  250-800  mm. 

Habitat 

At  Mitchell  Plateau  and  Prince  Regent  River  National  Park  Pseudantechinus 
ningbing  was  collected  in  low  open  eucalypt  woodland  with  Owenia  vernicosa, 
bicus  spp.  and  Acacia  spp.  common.  These  trees  were  over  a sparse  shrub  layer 
above  a moderately  dense  ground  cover  of  spinifex  hummock  grass  with  ‘sorghum’ 
grass  variously  present  (Kitchener  et  al  1981,  McKenzie  et  ai  1975).  At  other 
localities  in  the  west  Kimberley,  locality  data  recorded  by  L.  Keller  show  that 
most  specimens  were  captured  in  riparian  situations,  usually  in  a low  open  wood- 
land over  low  open  shrubland  over  moderately  dense  spinifex  hummock  grassland 
on  sandstone  and  limestone.  At  Ningbing,  W.H.  Butler  collected  specimens  along 
limestone  ridges  and  L.  Keller  on  a sandstone  outcrop  with  low  open  shrubs  over 
a ground  cover  of  mixed  grass  with  shrub  and  tree  emergents. 

Reproduction 

Mr  W.H.  Butler  collected  three  females  with  tiny  pouch  young  (2,  4 and  4)  at 
Ningbing  on  7 August  1965  and  one  female  with  pouch  young  (4)  at  Parry  Creek 
on  31  August  1965.  L.  Keller  collected  two  females  with  pouch  young  (2  and  4) 
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on  30  September  1976  near  Brooking  Springs  which  had  crown  to  rump  length  of 
ca.  27  mm  and  one  near  Cliffs  Outcrop,  west  Kimberley  on  16  November  1976 
which  was  lactating.  These  observations  indicate  that  young  are  born  in  mid 
winter  and  are  weaned  by  late  spring. 

Etymology 

The  ‘ningbing’  form  has  been  recognised  as  a species  in  literature  for  some  time. 
Ningbing,  north-eastern  Kimberley,  is  the  locality  from  which  this  form  was  first 
recognised.  Although  the  distribution  of  this  species  is  much  wider  within  the 
Kimberley  region,  the  name  ningbing  is  retained  because  of  its  current  usage. 

Remarks 

Skulls  of  Pseiidantechinus  ningbing  may  be  difficult  to  distinguish  from  P. 
macdo7i7iellensis  and  to  a lesser  degree  P.  bilarni.  'fhey  may  be  separated  from 
these  species  by  the  use  of  the  canonical  discriminant  analysis  in  Kitchener  and 
Caputi  (1988:  Table  5,  Figure  5). 

114®  120®  126® 


Figure  2 Distribution  of  Pseudant echinus  ningbing. 
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A new  freshwater  catfish  (Pisces;  Ariidae) 
from  northern  Australia 


Patricia  J.  Kailola*  and  Bryan  E.  Pierce* 


Abstract 

A new  species  of  fork- tailed  catfish  is  described  on  the  basis  of  31  specimens 
collected  in  northern  Australia  between  the  Fitzroy  River  (Western  Australia)  and 
the  Mitchell  River  (Queensland).  Arius  midgleyi  sp.  nov.  grows  to  at  least  1.3  m TL 
and  is  distinguished  from  other  Australo-Papuan  ariids  by  a combination  of  charac- 
ters including  snout  shape,  barbel  length,  eye  size,  tooth  arrangement  and  gill  raker 
number  and  position.  Comparison  is  made  with  other  ariid  species  occurring  in 
northern  Australian  rivers,  including  the  morphologically  similar  A.  leptaspis 
(Bleeker). 


Introduction 

The  Timor  Sea  and  Gulf  of  Carpentaria  drainage  systems  (Lake  1971)  approx- 
imately represent  the  Leichhardtian  zoogeographic  region  of  Whitley  (1947).  The 
rainfall  pattern  in  this  region  is  dominated  by  the  wet  monsoon  (occurring  within 
the  period  November  to  April).  Most  rivers  here  traverse  a flat  coastal  plain  about 
15  km  wide  before  reaching  the  sea  (Lake  1971),  These  rivers  commonly  possess 
wide  flood  plains  and  low  gradients,  often  contracting  to  a chain  of  waterholes 
during  the  dry  season;  some  (Gregory  River;  Fitzroy  to  Daly  Rivers)  have  reaches 
of  rapids  or  very  deep  gorges.  The  average  annual  discharge  from  this  region  is 
69  000  billion  litres  (Lake  1971),  most  of  it  occurring  during  the  wet  season. 

Five  of  Australia’s  18  species  of  fork-tailed  catfishes  (Ariidae)  are  common  in 
this  northern  region,  yet  were  overlooked  by  Whitley  (1947)  and  Iredale  and 
Whitley  (1938).  The  members  of  this  family,  which  is  distributed  circumglobally 
in  the  tropics  and  subtropics,  may  inhabit  the  sea,  rivers  within  tidal  influence,  or 
tresh  waters.  Three  ariid  species  present  in  these  northern  rivers  ( Cinetodus  froggatti 
[Ramsay  and  Ogilby,  1886],  Arius  graeffei  Kner  and  Steindachner,  1886,  A. 
leptaspis  [Bleeker,  1862])  occur  in  fresh  and  adjacent  coastal  waters  and  com- 
parative habitats  in  Papua.  Like  the  relatively  small  A.  berneyi  Whitley,  1941, 
which  only  rarely  penetrates  brackish  waters,  A.  midgleyi  sp.  nov.  is  also  a fresh- 
water fish.  Although  exploited  commercially  since  1978,  the  distinct  taxonomic 
status  of  this  species  has  been  recognised  only  recently.  The  purpose  of  this  paper 
is  to  describe  this  fish,  to  compare  it  with  the  other  freshwater  fork-tailed  catfishes 
of  northern  Australia,  and  to  present  information  on  its  biology. 


* Department  of  Zoology,  University  of  Adelaide,  GPO  Box  498,  Adelaide,  South  Australia 
5001. 
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Materials  and  methods 

Counts  and  measurements  follow  Hubbs  and  Lagler  (1958)  with  the  addition  of: 
premaxillary  tooth  band  length  and  width;  ‘interdorsal’  fin  space;  occipital  process 
breadth  and  length;  maxillary  barbel  length;  free  vertebral  count  (for  explanation, 
see  Kailola  1983).  Counts  of  fin  elements  and  gill  rakers  were  made  using  a needle 
probe;  measurements  were  made  with  pointed  calipers  to  the  nearest  0.1  mm  and, 
for  very  large  specimens,  the  length  was  obtained  using  a mm-graduated  ruler. 
Vertebral  counts  (number  posterior  to  the  anterior  fused  complex  of  6 or  7 
vertebrae,  and  including  the  hypural)  were  made  from  cleared  and  stained  spe- 
cimens and  radiographs. 

The  range  of  counts  and  proportional  measurements  for  the  paratypes  of  the 
new  species  are  indicated  in  parentheses  following  the  data  for  the  holotype,  if 
different. 

In  order  to  ascertain  which  factors  contributed  most  to  an  explanation  of  the 
total  variability,  all  variables  were  initially  evaluated  for  specimens  of  both  A. 
leptaspis  and  the  presumed  new  species  using  principal  component  analysis 
(BMDP  software  package,  subprogramme  4R;  Dixon  1985).  A reduced  character 
set  including  only  the  statistically  significant  variables,  was  used  with  cluster 
analysis  (BMDP,  subprogramme  KM;  Dixon  1985)  to  substantiate  tbe  presence  of 
two  distinct  groups  — i.e.  A.  leptaspis  and  the  new  species.  Interpretation  of  these 
results  favoured  acceptance  of  a two-groups  hypothesis.  The  resulting  population 
sets  (52  specimens  of  A.  leptaspis  and  28  of  Arius  new  species)  were  then  charac- 
terised within  a stepwise  discriminant  function  analysis  (BMDP,  7M;  Dixon  1985). 
Specimens  (n=35)  of  A.  leptaspis  from  New  Guinea  were  later  entered  as  ‘un- 
knowns’ to  evaluate  the  accuracy  of  this  classification  function. 

The  following  abbreviations  are  used  in  the  text  and  tables:  SL  — standard 
length;  FL  — fork  length;  TL  — total  length;  HL  — head  length;  D — dorsal  fin; 
A — anal  fin;  P — pectoral  fin;  V — ventral  (=pelvic)  fin;  C — caudal  fin;  GR  — gill 
rakers;  1.  — length;  occip.  — occipital;  premax.  — premaxillary;  dist.  — distance; 
interorb.  — interorbital;  w.  — width;  caud.  — caudal;  stn  — collecting  station. 

Material  has  been  deposited  in  the  following  institutions:  the  American  Museum 
of  Natural  History,  New  York  (AMNH);  the  Australian  Museum,  Sydney  (AMS); 
the  Northern  Territory  Museum,  Darwin  (NTM);  the  Queensland  Museum,  Bris- 
bane (QM);  the  United  States  National  Museum,  Washington  (USNM);  the  Western 
Australian  Museum,  Perth  (WAM);  the  Zoblogische  Museum,  University  of  Amster- 
dam (ZMA). 


Systematics 

The  new  species  is  referable  to  the  genus  Arius  as  proposed  by  Valenciennes 
(1840).  Taylor’s  (1986)  diagnosis  of  Arius  is  appropriate  for  A.  midgley i sp.  nov. 
except  for  the  presence  of  rakers  along  the  rear  margin  of  the  first  two  gill  arches. 
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However,  based  on  examination  of  the  type  {A.  arius  Hamilton-Buchanan,  1822) 
by  one  of  us  (PJK)  we  consider  this  character  is  of  specific  importance  only. 
Because  Arius  contains  numerous  species,  its  eventual  division  into  subgenera 
(based  on  a global  comparison  of  type  material)  would  seem  the  appropriate 
method  by  which  the  diversity  of  its  species  could  be  recognised. 

The  characters  which  contributed  most  to  an  understanding  of  the  variability  bet- 
ween the  two  taxa  are:  maxillary  barbel  length  as  a percentage  of  standard  length, 
ratio  of  the  length  of  the  dorsal  fin  spine  into  head  length,  total  gill  raker  count 
on  the  first  arch,  head  width  as  a percentage  of  head  length,  and  snout  length  as  a 
percentage  of  head  length  (and  see  discussion  under  ‘Remarks’).  The  resulting 
discriminant  function  ['Z-leptaspis  - -366.336  + 12.523  (gill  raker  count)  + 83.390 
(dorsal  fin  spine/HL)  -l-  0.234  ([head  width/HL]  x 100)  -t  1.231  ( [snout  length/ 
HL]  X 100)  -t-  0.0152  ([maxillary  barbel  length/SL]  x 100);  Zj^rius  sp.  nov.  = 
-369.429  -t  9.722  (gill  raker  count)  -t  51.859  (dorsal  fin  spine  /HL)  -t  0.874  (head 
width/HL  X 100)  -t  1.081  ([snout  length/HL]  x 100)  -t-  1.145  ( [maxillary  barbel 
length/SL]  x 100)  - where  the  highest  Z score  determines  membership]  separates 
100  per  cent  of  the  cases  accurately  in  the  robust  jackknife  classification  matrix 
(BMDP,  7M;  Dixon  1985).  New  Guinea  specimens  of  ‘A.  leptaspis’,  which  might 
be  expected  to  differ  somewhat  from  the  Australian  stock  of  this  species,  were 
correctly  classed  into  that  species  group  100  per  cent  of  the  time  using  this 
classification  scheme. 

Based  on  this  clear  morphological  distinction  witnessed  over  many  years  of 
sampling  for  catfish  of  both  sexes  from  a broad  geographic  range,  we  conclude 
that  A.  midgleyi  sp.  nov.  is  reproductively  isolated  from  other  Australian  ariid 
species  with  which  it  is  sympatric  (particularly  A.  leptaspis  and  A.  graeffei). 
Therefore,  our  material  meets  the  criteria  for  designation  as  a species  (Mayr  1963). 


Arius  midgleyi  sp.  nov. 

Figures  1-8;  Table  1,  2 

Arius  leptaspis  — Taylor,  1964:  81  (in  part  — see  ‘Remarks’) 

Arius  species  1 — Allen,  1982:  30. 

Arius  species  1 — Allen,  1982:  31. 

Holotype 

AMS  1.20858-006,  270  mm  SL,  Wickham  Gorge,  Victoria  River,  Northern  Territory,  7 June 
1978,  collected  by  D.F.  Hoese. 

Condition  of  holotype:  Good.  Short  slit  along  belly;  membrane  on  all  fins  split;  tip  of  upper 
caudal  lobe  lost. 

Paratypes 

Western  Australia 

WAM  P.25597-001,  (1  specimen),  348  mm  SL,  Fitzroy  River,  June  1973,  collected  by  R. 
Emiliani;  WAM  P.25708-001,  (1),  224  mm  SL,  Forbes  Yard,  Traine  River,  18  June  1973, 
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collected  by  J.B.  Hutchins;  ZMA  119.467,  (1),  244  mm  SL,  near  Wyndham  in  fresh  water 
hole,  12  April  1981,  collected  by  L.  Turner;  WAM  P.28776-001,  (1),  166.5  mm  SL  (cleared 
and  single -stained),  Lake  Argyle,  mid-1980,  collected  by  N.  Morrissy;  WAM  P.  21338-002 
(previously  included  in  WAM  P.21338-001),  (4),  133,  138,  149,  161  mm  SL,  Ord  River,  4 
October  1971,  collected  by  RJ.  McKay  and  J.  Dell;  AMNH  57082,  (1),  152  ram  SL,  Ord 
River  below  Duncan  Highway  crossing,  7 May  1969,  collected  by  J.  Nelson,  D.  Rosen  and 
H.  Butler. 

Northern  Territory 

AMNH  57454  (previously  included  in  AMNH  51649),  (1),  98.5  mm  SL,  junction  of  Big 
Horse  Creek  and  Victoria  River,  8 May  1969,  collected  by  J.  Nelson,  D.  Rosen  and  H.  Butler; 
AMNH  57454SW  (previously  included  in  AMNH  51649),  (3),  103,  106  and  114  mm  SL,  same 
data  as  AMNH  57454;  NTM  S.  11800-001,  (1),  325  mm  SL,  Daly  River  on  Fiorina  Station, 
25-26  August  1980,  collected  by  H.  and  M.  Midgley;  QM  1.16735,  (1),  240  mm  SL,  Hodgson 
River,  17  September  1979,  collected  by  H.  and  M.  Midgley;  QM  1.16737,  (1),  310  mm  SL, 
Mannaburoo  Hole,  Limmen  Bight  River,  1 September  1979,  collected  by  H.  and  M.  Midgley; 
QM  1.16738,  (2)  (one  broken),  327  mm  SL  and  151.5  mm  HL,  Mannaburoo  Hole,  Limmen 
Bight  River,  29-30  August  1979,  collected  by  H.  and  M.  Midgley;  NTM  S.  12083-001,  (1), 
331  mm  SL,  Wilton  River,  25-27  September  1979,  collected  by  H.  and  M.  Midgley;  NTM  S. 
12070-001,  (2),  298  and  315  mm  SL,  Mannaburoo  Hole,  29-30  August  1979,  collected  by  H. 
and  M.  Midgley;  NTM/AS  F.35,  (1),  257  mm  SL,  Wollogorang  Homestead,  15  June  1974, 
collected  by  D.  Howe;  NTM/AS  F.36,  (1),  273  mm  SL,  same  data. 

Queensland 

QM  1.12910,  (1),  326  mm  SL,  Flinders  River  near  Maxwellton,  14  October  1974,  collected 
by  H.  and  M.  Midgley;  QM  1.12757,  (1),  310  mm  SL,  same  data;  QM  1.16730,  (2),  329  and 
315  mm  SL,  Flinders  River  in  Maxwellton  area,  October  1974,  collected  by  H.  and  M.  Midgley; 
QM  1.11364,  (1),  205  mm  SL,  Forest  Home  Station,  Gilbert  River,  24  September  1953,  collec- 
ted by  T.C.  Marshall;  AMS  IB. 2882,  (1),  171  mm  SL,  same  data;  QM  1.11990,  (1),  145.5  mm 
SL,  Mitchell  River,  8 September  1959,  collector  not  stated. 

Diagnosis 

A sleek  catl'ish,  attaining  a large  maximum  size  (known  to  1.3  m).  Barbels  thin 
and  short,  rarely  reaching  beyond  pectoral  fin  base  and  less  than  25  per  cent  SL; 
jaws  strong,  upturned  slightly  at  symphyses,  mouth  broad;  snout  truncate  in 
profile;  head  oblong,  its  width  averaging  66  per  cent  HL.  Occipital  process  narrow, 
with  parallel  borders.  Numerous  fine,  sharp  teeth  on  palate  in  transverse  band  of 
four  oblong  groups.  No  rakers  on  posterior  aspect  of  gill  arches.  Gill  rakers  on 
first  arch  few,  10-17;  A 16-19.  Number  of  free  vertebrae  47-50. 

A.  midglcyi  is  distinguished  from  A.  graeffei  and  A.  berneyi  by  lacking  rakers 
on  the  posterior  (inner)  aspect  of  the  first  and  second  gill  arches  (present  on  all 
arches  in  these  two  species).  From  Cinetodus  froggatti,  it  differs  in  having  a much 
broader  mouth,  four  groups  of  teeth  in  a band  across  the  palate  (two  patches  only 
in  C.  froggatti)  and  wide  gill  openings  extending  well  forward  from  the  isthmus 
(restricted  and  terminating  opposite  lower  pectoral  base  in  C froggatti).  A,  Icp- 
taspis  is  most  similar  to  A.  midgley i.  The  two  species  may  best  be  separated  on 
the  relative  length  of  the  maxillary  barbels  (Figure  7)  (1 6-25  per  cent  SL,  cf 
22-51  percent  SL  in  A.  leptaspis).  The  maxillary  barbel  rarely  reaches  as  far 
posteriorly  as  the  head  margin  in  A.  midgleyi^  but  reaches  and  extends  beyond 
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the  pectoral  spine  base  and  further  in  A.  leptaspis.  Additional  characteristics 
which  distinguish  these  two  species  are:  the  combination  of  head  width  (56-76 
per  cent  HL,  cf  66-83  per  cent  HL  in  A.  leptaspis)  (Figures  5,  6,  8),  snout  shape 
and  the  total  number  of  rakers  along  the  face  of  the  first  gill  arch  (10-17,  cf 
13-22  in  A.  leptaspis)  (Table  1).  The  shape  of  the  occipital  process  and  extent  of 
the  granular  head  shield  also  differs  between  the  two  species,  A.  leptaspis  having 
a broader  process  and  more  extensive  shield,  the  dorsomedian  head  groove  ter- 
minating a considerable  distance  before  the  base  of  the  occipital  process.  More- 
over, A.  leptaspis  is  only  known  to  a maximum  body  size  of  60  cm  FL  (Bishop 
et  al  1986). 

Description 

The  range,  mean  and  standard  deviation  of  meristics  and  selected  proportions 
are  given  in  Tables  1 and  2. 

D 1,7.  A 18  (16-19).  P 1,11  (9-11).  V 6.  C primary  rays  7 +8.  GR  (first  arch 
16  (10-17)  of  which  6 (3-6)  on  upper  limb.  GR  (last  arch)  18  (11-19).  Number 
of  free  vertebrae  — (47-50;  17  specimens,  mean  48.3).  Branchiostegals  6. 

Table  1 Meristics  and  relative  body  proportions  of  Arius  midgleyi.  (Ratios  could  not  be 
computed  if  character  is  damaged  or  missing  on  a specimen.)  n=sample  size;  SD= 
standard  deviation. 


Character 


Holotype 


Paratypes 


n 

range 

mean 

SD 

SL  (mm) 

270 

29 

98.5-348 

233.7 

83.4 

HL  in  SL 

3.1 

29 

3.0- 

3.5 

3.2 

0.1 

eye  1.  in  HL 

7.5 

30 

4.6- 

11.4 

7.8 

2.1 

eye  1.  in  snout  1. 

2.7 

29 

1.6- 

4.2 

2.8 

0.8 

eye  1.  in  bony  inter- 
orbital width 

2.5 

28 

1.3- 

4.1 

2.6 

0.9 

occip.  process  width 
in  process  1. 

2.8 

29 

1.5- 

2.8 

2.0 

0.3 

D.  spine  1.  in  HL 

1.5 

28 

1.4- 

2.4 

1.8 

0.3 

P.  spine  1.  in  HL 

1.5 

26 

1.6- 

2.4 

1.9 

0.2 

adipose  fin  base  in 

D.  fin  base  1. 

1.1 

28 

2.1- 

3.7 

2.8 

0.4 

caudcd  peduncle  depth 
in  its  1 . 

2.2 

29 

1.7- 

2.6 

2.1 

0.2 

predorsal  1 . in  SL 

2.4 

29 

2.4- 

2.7 

2.5 

0.1 

longest  barbel  in  SL 

4.6 

29 

4.1- 

6.0 

5.1 

0.5 

head  height  in  head  width 

1.4 

29 

1.2- 

1.7 

1.4 

0.2 

1.  premax.  tooth  band 
in  its  width 

9.5 

28 

5.2- 

9.9 

7.7 

1.3 

count  of  A.  fin  rays 

18 

29 

16  - 

19 

17.6 

0.9 

count  of  P,  fin  rays 

11 

29 

9 - 

11 

10.4 

0.6 

total  GR  (first  arch) 

16 

28 

10  - 

17 

13.1 

2 6 

total  GR  (last  arch) 

18 

25 

11  - 

19 

15 

2.4 
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Table  2 Percent  of  HL  and  SL  for  Arius  midgleyi. 


Character 

Holotype 

Paratypes 

n 

range 

mean 

SD 

Percent  of  HL 
head  height 

46 

29 

40-56 

47.5 

4.6 

head  width 

67 

29 

56-76.5 

66 

3.9 

eye  1. 

13 

30 

9-22 

14 

3.9 

mouth  gape 

49 

24 

41-51 

46.5 

3.3 

internostril  dist. 

35 

24 

29-39 

33.5 

3.3 

snout  1. 

36.5 

29 

33-40 

36 

1.8 

longest  barbel  1 . 

67 

30 

50-76 

63 

7.4 

bony  interorb.  dist. 

33 

28 

26-38 

33 

3.4 

occip.  process  1. 

32 

30 

25-35 

30 

2.4 

occip,  process  w. 

11 

29 

11-19 

15 

2.1 

Percent  of  SL 

HL 

32 

29 

29-34 

31 

1.3 

head  height 

15 

28 

13-17 

15 

1.1 

head  width 

21 

28 

18-24 

21 

1.5 

eye  1. 

4 

29 

3-6 

4 

1.1 

mouth  gape 

16 

23 

12-17 

15 

1.5 

internostril  dist. 

11 

23 

9-12 

10.5 

1.3 

snout  1 . 

12 

28 

10-13 

11 

0.7 

longest  barbel  1 . 

22 

29 

17-24 

20 

2.1 

bony  interorb.  dist. 

11 

27 

8-12 

10 

1.3 

occip.  process  1. 

10 

29 

8-11 

9 

0.7 

predorsal  1. 

41 

29 

37-42.5 

40 

1.4 

D.  fin  base  1 . 

10 

29 

9-12 

10 

0.8 

interdorsal  space 

26 

28 

23-29,5 

26 

1.6 

adipose  fin  base  1. 

9 

28 

7-11 

9.5 

1.0 

A.  fin  base  1 . 

15 

29 

12-15.5 

14 

0.8 

caud.  peduncle  depth 

7 

29 

6-7 

7 

0.3 

caud.  peduncle  1. 

15 

29 

12-18 

14.5 

1.1 

P.  fin  spine  1 . 

19 

25 

13-19.5 

17 

1.6 

D.  fin  spine  1 . 

21 

27 

13-21 

18 

2.5 

Body  robust,  rather  compressed,  tapered  posteriorly  (Pdgurcs  1,  2).  Lateral 
head  profile  triangular  and  narrow.  Predorsal  profile  straight,  interorbital  flat. 
Snout  almost  truncate,  broad,  projecting  short  distance  beyond  lower  jaw  in 
young;  mouth  subterminal  in  adults.  Lips  rubbery,  thin  at  front  of  jaws  and  rather 
thick  at  corners;  jaws  strong,  slightly  elevated  at  symphysis  — particularly  the 
lower.  Mouth  broad,  curved;  band  of  teeth  in  upper  jaw  not  or  partly  visible  when 
mouth  closed,  though  often  just  visible  at  sides  of  mouth.  Nostrils  ovate,  placed 
well  forward;  anterior  nostril  directly  before  or  slightly  lateral  to  posterior  one  on 
which  skin  flap  just  conceals  opening.  Short  crescentic  groove  on  snout  of  small 
specimens.  Eye  rounded  to  almost  oblong,  orbit  free  from  head  skin;  eye  placed 
dorsolaterally  and  visible  when  head  viewed  from  above;  mid  head  length  at  or  up 
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to  one  eye  diameter’s  distance,  behind  hind  margin  of  eye;  prominence  of  lateral 
ethmoid  sometimes  apparent  in  larger  fish.  Gill  openings  broad,  membranes 
meeting  at  sharp  angle  well  forward,  margins  broadly  free  of  isthmus. 


Figure  1 Drawing  of  the  holotype  of  Arms  midgleyi  sp,  nov.,  AMS  1.20858-006.  270  mm  SL. 


Figure  2 Arius  midgleyi  paratype.  WAM  P.213380-001,  161  mm  SL. 


Figures  Semi-diagrammatic  view  of  upper  tooth  pattern  in  A.  midgleyi  (ZMA  119.467), 
where  pmx=premaxillary  tooth  band,  vo=vomer  tooth  patches,  ect=‘ectopterygoid’ 
tooth  patches. 
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Numerous  small,  sharp  and  depressible  teeth  arranged  in  band  of  irregular  series 
in  jaws,  embedded  in  fleshy  tissue:  16  to  about  24  in  upper  jaw,  10-15  in  lower 
jaw.  Lower  jaw  band  divided  at  symphysis  by  narrow  edentulous  space.  Teeth 
present  in  four  oval  patches  on  palate  (Figure  3),  transversely  arranged:  patches 
always  distinct  and  not  contiguous,  inner  pair  more  rounded  and  about  two-thirds 
width  of  outer  pair:  8-12  series  of  teeth  on  smaller  patches,  12-18  on  larger.  Palate 
smooth  with  sometimes  a low,  diagonal  ridge  of  skin  on  each  side  posteriorly. 
Skin  lining  branchial  chamber  loose  towards  margin,  and  forming  a deep  pocket 
with  narrow  opening. 

Head  shield  usually  concealed  by  skin  and  mucus  in  juveniles  and  often  in  fresh, 
larger  fish.  When  exposed,  shield  very  granulai',  granules  extending  forward  to 
above  eye,  to  gill  opening  origin  and  over  occipital  process;  predorsal  plate  rugose 
or  granular.  Dorsomedian  head  groove  long  and  lanceolate,  and  distinct  — begin- 
ning at  level  of  nostrils  and  tapering  posteriorly  to  or  almost  to  base  of  occipital 
process,  distal  end  bordered  by  loop  of  granular  striae.  Occipital  process  oblong 
and  sometimes  with  low  median  keel,  its  sides  straight.  Head  venulose  over 
operclcs.  Numerous  very  fine  papillae  scattered  over  snout,  anterior  two-thirds 
of  head  and  sometimes  breast  on  many  specimens.  Triangular  humeral  process 
smooth  to  rugose,  moderately  ossified  anteroventrally,  its  shaft  oblique  and  acute, 
reaching  two-thirds  distance  along  pectoral  spine.  Axillary  pore  tiny,  closely 
adjacent  to  process. 

Barbels  thin  and  tapered.  Maxillary  barbel  reaching  preopercular  margin  to 
almost  head  margin  above  pectoral  base;  mandibulary  barbel  reaching  or  falling 
well  short  of,  ventral  head  margin-  mental  barbel  extending  to  below  middle  or 
hind  border  of  eye. 

Gill  rakers  rigid,  strong  and  rather  sharp-tipped,  as  long  as  gill  filaments.  Rakers 
absent  from  posterior  face  of  first  and  usually  second  arches;  11-17  (mean  15.2) 
rakers  along  rear  of  third  arch.  A low,  thick  pad  of  tissue  usually  present  postero- 
dorsally  on  second  arch,  other  arches  lacking  such  thickening. 

Fin  spines  sharp,  moderately  to  very  thick,  compressed.  Fine  longitudinal  striae 
laterally  on  spines,  outer  (anterior)  border  roughened  by  granules  and  low  dentae, 
few  antrorse  serrae  near  tip;  inner  (posterior)  border  of  dorsal  with  no  or  few 
serrae  extending  half-way  from  apex;  usually  up  to  20  saw-like,  short  serrae  along 
inner  border  of  pectoral  spine.  Tip  of  spines  with  short  filaments.  Dorsal  spine 
longer  than  pectoral;  longer  than  postorbital  in  young,  about  two-thirds  in  adults. 
Dorsal  fin  rather  high,  longest  ray  2.7  (2-3.5,  mean  2.9)  times  last  ray.  Pectoral  fin 
reaching  to  below  posterior  dorsal  rays.  Adipose  fin  oblong  and  high,  placed 
opposite  middle  of  anal  fin.  Longest  anal  ray  3 (1.9-3. 5,  mean  3.1)  times  length  of 
last  ray;  fin  moderately  elevated  anteriorly,  with  concave  outer  margin.  Caudal 
fin  lobes  long,  broad  basally,  slender  and  tapered  distally.  Ventral  fin  moderately 
broad  in  females,  reaching  to  anal  fin  origin  or  up  to  fourth  anal  ray,  maturing 
fish  with  thick  pads  on  fifth  and  sixth  (inner)  rays;  in  males  and  juveniles,  fins 
narrow,  never  reaching  and  often  falling  quite  short  of,  anal  fin. 
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Lateral  line  sloping  over  anterior  half  of  body,  thence  straight,  slightly  elevated 
on  caudal  fin  base.  Distinct  vertical  series  of  pores  extending  from  line  over  back 
and  lower  sides;  short  oblique  venules  diverging  along  line’s  length,  numerous  and 
longer  over  ‘shoulder’.  Caudal  peduncle  moderately  deep  and  compressed. 

Colour  when  fresh:  highly  variable,  perhaps  relative  to  habitat  and  locality. 
Specimens  from  the  Katherine  River  ochre*coloured,  brownish  above,  creamy 
below;  fins  pale  brownish  orange,  barbels  pale.  Ord  and  Roper  River  individuals 
countershaded  olive  brown,  ‘smokey’  blue  to  dark  blue  above,  white  below  a line 
from  upper  jaw  along  mid-sides  to  above  anal  fin  or  lower  caudal  peduncle;  dorsal, 
adipose  and  caudal  fins  brown  to  dark  bluish  brown,  pectoral  and  ventral  fins 
dark  (blue)  above,  cream  below;  anal  fin  brown  or  bluish  brown,  anterior  and 
posterior  of  fin  cream,  sometimes  only  posterior  rays  dusky  cream;  maxillary 
barbel  blue,  others  white.  Some  individuals  with  ‘piebald’  colouration  have  also 
been  taken  from  Lake  Argyle  and  Flora  River:  body  greyish  brown  with  small  and 
large  irregular  cream  or  black  blotches  over  anterior  two-thirds  of  body  — especially 
around  mouth  and  on  head.  Peritoneum  pale  grey  or  pinkish.  Fat  bodies  deep 
yellow  or  orange. 

Colour  when  preserved:  varies  from  brown  above  and  fawn  below  to  blackish 
or  dark  charcoal-blue  above,  fawn,  orangey,  cream  or  white  below  or  blotched. 
Fins  and  barbels  as  above  but  blue  becomes  dark  brown. 

Distribution  (Figure  4) 

Common  and  widespread  in  rivers  and  associated  fresh  waters  ol  north-western 
and  northern  Australia  from  the  Fitzroy  River  through  the  Ord  and  Victoria 
River  systems  (including  Armstrong,  Camfield,  Humbert,  Wickham,  East  Baines, 
West  Baines  Rivers,  Neave  and  Waterloo  Creeks  — Midgley  1981),  the  Keep  River 
(rare)  (Midgley  1981),  Daly  River,  Katherine  River,  Flora,  Fergusson,  Fish  and 
Douglas  Rivers  (Midgley  1980),  McKinlay,  Mary,  South  Alligator,  East  Alligator 
Rivers,  Roper  River  system  (Limmen  Bight,  Roper,  Hodgson,  Wilton  and  Mainoru 
Rivers  — Midgley  1979,  1983),  McArthur  River,  Tooganginie  Creek  (Midgley 
1983),  Robertson  and  Calvert  River  systems  (Midgley  1982)  (rare),  south-easterly 
(rare)  to  the  Flinders  River  (near  Maxwelton),  Gilbert,  Staaten  Rivers  and  Edward 
River  system  (Strathgorden  Lagoon)  on  Cape  York  Peninsula  (Midgley,  pers. 
comm.  1986).  (The  record  of  distribution  in  the  type  series  is  supplemented  here 
from  specimens  collected  by  H.  and  M.  Midgley  — the  identification  of  a rep- 
resentative sample  of  which  we  have  verilied  — and  Irom  additional  material 
[non-type]  we  have  determined  and  list  herein.) 

The  four  additional  ariid  species  are  distributed  in  northern  Austalia  as  follows: 
Arius  graeffei  is  sympatric  with  A,  midgleyi  throughout  the  range  of  the  latter; 
C froggatti  is  restricted  to  the  Roper  River  drainage  - A.  berneyi  extends  through- 
out Queensland,  but  no  further  west  than  the  Roper  River  system;  and  A.  lep- 
taspis  extends  from  northern  Queensland  (west  or  north-draining  rivers)  Just  into 
the  western  Northern  Territory. 
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Figure  4 Australia  north  of  22°S,  showing  the  distribution  of  Anus  midgley;  • represents 
material  determined  by  us;  o represents  additional  records  by  H.  and  M.  Midgley. 


Etymology 

This  large  catfish  is  given  the  surname  of  Hamar  and  Mary  Midgley  who  first 
brought  its  existence  as  a distinct  taxon  to  the  attention  of  the  first  author  and 
in  part  recognition  of  their  enthusiastic  and  dedicated  study  of  the  fresh  waters 
of  northern  Australia. 


Habitat  notes 

Fresh  water,  only  a few  records  from  water  near  the  upper  limit  of  tidal  influence. 
Found  in  fast-flowing  main  rivers,  billabongs,  creeks,  deep  pools  and  drying-out 
waterholes.  Water  conditions  vary  considerably  from  turbid  (10  cm  visibility)  to 
very  clear  (4  m visibility),  still  or  modcrately-fast  flowing.  The  water  is  alkaline 
(ph  7-8.7)  and  warm  (surface  temperature  22.5-35°C)  (Allen  1982;  Midgley 
1979-83).  A.  midgleyi  is  possibly  replaced  in  downstream  reaches  by  one  or  both 
of  the  other  common  ariids  in  northern  Australia:  A,  leptaspis  and  A.  graeffei. 
For  example,  Bishop  et  al.  (1986)  caught  no  A.  midgleyi  during  their  extensive 
survey  of  the  Jabiru-Alligator  Rivers  area;  and  neither  did  Midgley  (1984).  Al- 
though A.  leptaspis  is  absent  from  Lake  Argyle,  A,  graeffei  makes  up  about  30 
per  cent  of  the  fork-tailed  catfish  population  in  the  impoundment. 


Biological  notes 

In  establishing  the  validity  of  A.  yyiidgleyi  as  a taxon,  we  collected  information  on 
the  species’  biology  which  further  characterises  it  as  distinct  from  sympatric 
ariids.  Independent  observations,  together  with  our  own,  substantiate  the  unbiased 
nature  of  our  conclusions. 

Maximum  size:  to  about  28  kg  (S.  Sharpe,  pers  comm.  1987);  to  approximately 
1.3  m TL  (R.J.  McKay,  pers.  comm.  1978;  S.  Sharpe,  pers.  comm.). 
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Diet;  primarily  predatory,  but  becoming  a facultative  omnivore  during  the  dry 
season.  Recorded  gut  contents  are  fish  (notably  the  bony  bream,  Nematalosa 
erebi  (Gunther,  1868),  in  Lake  Argyle  (N.  Morrissy,  pers.  comm.),  aquatic  and 
terrestrial  insects  and  insect  larvae,  beetles  and  crustacean  fragments  (probably 
Macrobrachium  sp.).  Such  items  were  present  in  the  stomachs  of  specimens 
prepared  for  osteological  study  by  one  of  us  (PJK).  The  size  of  food  items  was 
large  in  large  fish.  In  a study  conducted  between  August  and  September,  Midgley 
(1981)  recorded  prawns,  aquatic  beetles,  terrestrial  beetles  and  grasshoppers  in 
the  stomachs  of  A.  midgleyi  specimens. 

Breeding:  A.  midgleyi  breeds  only  in  fresh  water  with  no  recorded  spawning 
migrations.  Midgley  (1979;  pers.  comm.  1986)  has  caught  juveniles  as  small  as 
63  mm  SL  from  riverine  situations  (e.g.  upper  reaches  of  the  Flinders  River)  in 
company  of  larger  adult  fish.  We  have  not  examined  fully  mature  fish,  and  little 
information  is  available,  probably  because  surveys  have  often  been  conducted 
during  the  late  dry  season.  Specimens  captured  in  August  from  the  Roper  River 
area  are  in  the  early  stages  of  maturation  suggesting  that  A.  midgleyi  conforms 
to  the  general  early  wet  season  spawning  pattern  of  A.  graeffei  and  other  ariids 
(Rimmer  1985).  In  the  Victoria  and  Daly  rivers  areas,  individuals  at  gonadal 
maturity  stages  III  or  early  IV  [sensu  Snyder  1983)  were  obtained  during  Sep- 
tember and  October  and  were  more  mature  than  the  sympatric  A.  graeffei  pop- 
ulation (Midgley,  pers.  comm.).  Lake  Argyle  individuals  captured  during  Sep- 
tember are  in  maturity  stage  V (S.  Sharpe,  pers.  comm.).  From  35  fish  netted  in 
Lake  Argyle  at  the  end  of  July  1980,  N.  Morrissy  (pers.  comm.)  determined  20 
to  be  maturing  females,  stages  II  to  IVL  The  remaining  15,  of  the  same  size  range, 
were  either  immature  or  non-ripening  fish  (both  sexes).  Morrissy  noted  difficulty 
in  ascertaining  the  sexes  of  immature  and  ‘resting’  fish,  a problem  recognised  by 
K.  Bishop  (pers.  comm.)  and  Rimmer  (1985).  In  Morrissy ’s  sample  of  20  mature 
fish,  13  had  ova  of  1 cm  diameter  (52  to  87  cm  FL),  five  had  ova  of  0.5  cm 
diameter  (58  to  76  cm  FL)  and  two  had  ova  of  less  than  0.2  cm  diameter  (53  to 
57  cm  FL). 

Morrissy  (pers.  comm.)  noted  that  females  between  70  and  80  cm  FL  have 
about  100  ova  in  each  gonad.  K.  Lightburn  and  B.  Host  (pers.  comm.  1980) 
counted  up  to  180  ova  (total)  in  mature  females  from  Lake  Argyle,  and  S.  Sharpe 
(pers.  comm.  1987)  estimated  a single  spawning  fecundity  of  100  to  400  ova 
over  the  size  range  of  mature  fish.  None  of  our  informants  ascertained  whether 
the  count  differed  between  gonads. 

Subsequent  work  on  A.  midgleyi  in  Lake  Argyle  (N.  Morrissy,  pers.  comm.) 
employed  length  frequency  analysis  to  determine  that  females  matured  at  the 
beginning  of  their  third  year  of  life  at  approximately  50  cm  FL. 

Growth  and  behaviour:  in  Lake  Argyle,  where  the  population  has  been  fished 
commercially  since  1978  (Morrissy  1983),  A.  midgleyi  has  been  observed  moving 
in  large  schools  of  similar  size  individuals.  The  brooding  males  congregate  in 
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Figure  5 Comparison  of  head  shape  of  A.  midgleyi  (RHS,  holotype)  and  A.  leptaspis  (LHS, 
QM  unreg.,  Gulf  of  Papua,  235  mm  SL)  when  viewed  from  above  (preserved  spe- 
cimens). 


Figure  6 Comparison  of  head  shape  of  A.  midgleyi  (LHS,  NTM  S. 11153-001,  Mainoru  R., 
NT,  110  mm  HL)  and  A.  leptaspis  (RHS,  NTM  S.l  1153-002,  same  locality,  113  mm 
HL)  when  viewed  from  below  (preserved  specimens). 
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deeper  water  in  a manner  comparable  to  that  reported  by  Aldaba  (1931)  an 
Mane  (1929)  of  Laguna  de  Bay  (Philippines)  ariid  catfishes. 

A length-frequency  study  on  650  individuals  was  conducted  by  N.  Morriss’ 
in  Lake  Argyle,  between  30  July  and  7 August  1980.  The  fish  were  gill  nette« 
(2.5-18  cm  mesh)  in  about  10  m depth.  Morrissy  caught  only  three  fish  less  that 
20  cm  FL  — (probably  the  0+  year  class*),  most  fish  were  25  to  50  cm  FL  witl 
a total  body  weight  to  2 kg  (presumably  the  1+  year  class),  and  the  remaindei 
between  55  and  75  cm  FL  (presumably  the  2+  year  class).  S.  Sharpe,  a Lake 
Argyle  commercial  fisherman,  informed  us  (1987)  that  A.  midgleyi  juveniles 
attain  a length  of  20  to  30  cm  within  their  first  year.  A.  midgleyi  in  either  case, 
exhibits  a very  rapid  growth  rate  under  these  conditions  relative  to  other  northern 
Australian  ariids.  It  is  faster  growing  than  A.  graeffei  in  this  reservoir  and  indeed, 
is  the  largest  truly  freshwater  fork-tailed  catfish  in  Australia.  A.  midgleyi  is 
favoured  by  conditions  in  this  impoundment,  as  it  is  seldom  numerically  dominant 
elsewhere  in  its  range. 

Remarks 

A.  midgleyi  is  immediately  recognisable  in  the  field  because  of  its  rather  oblong, 
‘square’  snout  (Figures  5,  6)  and  broad  mouth  (approximately  equal  to  the  out- 
side distance  between  the  eyes  - Midgley  1981).  Dubbed  ‘squarenose’  or  ‘shovel- 
nose’  by  fishermen,  it  looks  somewhat  shark-like  underwater. 

At  our  request,  Janet  Gomon  (USNM)  examined  some  of  Taylor’s  (1964)  spe- 
cimens of  ‘A.  leptaspis’  from  northern  Australia.  Based  on  our  diagnoses,  she 
believes  that  Taylor’s  specimen  from  near  the  Roper  River  Mission  (USNM  173564) 
belongs  instead  to  A.  midgleyi. 

Allen  and  Hoese  (1980)  considered  that  10,  possibly  13  fish  species  present  in 
the  eastern  and  western  extremities  of  the  Gulf  of  Carpentaria  drainage  system 
exhibit  disjunct  distribution  patterns,  and  in  view  of  its  rare  occurrence  in  the 
southern  Gulf  of  Carpentaria  drainage,  A.  midgleyi  appears  to  fall  into  this 
category.  We  believe  that  such  a phenomenon  may  equally  be  an  artelact  oi 
collecting  effort.  In  view  of  studies  conducted  in  aquaria  by  one  of  us  (BEP) 
on  four  of  the  species  cited  (individuals  maintained  at  16-20°C  over  winter,  two 
species  breeding  at  20°C),  it  is  our  opinion  that  temperature  may  not  be  the 
sole  cause  of  the  apparent  disjunct  distribution. 

Allen  and  Hoese  (1980)  conjectured  that  a disjunct  distribution  pattern  may  be 
caused  by  lower  winter  water  temperatures  in  streams  flowing  into  the  southern 
Gulf  of  Carpentaria;  here  the  temperatures  decrease  to  22-23°C  during  winter, 
compared  to  27-32°C  in  northern  streams  (Allen  and  Hoese  1980).  Extrapolating 
from  Nix  and  Raima  (1972)  (who  postulated  a lowering  of  5-6°C  in  water  tem- 
perature during  the  Pleistocene),  these  authors  reasoned  that  minimum  water 

* (Supported  by  the  similar  sized  specimens  from  AMNH  51649  which  were  eviscerated  prior 
to  clearing:  SL’s  103,  106,  114,  they  had  abundant  yolky-coloured  fat  in  the  body  cavity 
and  were  captured  early  May:  probably  0+ juveniles.) 
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Figure  7 
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temperatures  to  at  least  18-19°C  in  the  lower  Gulf  would  have  proved  an  effective 
barrier  during  that  period  to  the  southerly  dispersal  of  some  extant  fishes.  How- 
ever. if  temperature  were  the  key  factor  involved,  it  begs  the  question  of  why 
isn’t  A.  midgleyi  known  from  southern  New  Guinea?  From  our  understanding 
of  Nix  and  Kalma  (1972)  and  associated  papers,  we  believe  that  changes  in  other 
abiotic  conditions  (for  example,  geomorphology,  aridity,  seasonality,  water 
salinity  and  river  flow)  besides  temperature,  have  likely  contributed  to  the  present- 
day  distribution  pattern  of  northern  Australian  freshwater  fishes. 

Additional  non-type  material  examined 

Western  Australia 

Unregistered,  (13),  Lake  Argyle,  1980,  170-385  mm  SL;  AMS  1.16838-006,  (2),  Ord  River, 
1971,  137  & 151  mm  SL. 

Northern  Territory 

NTM  S. 12077-001,  (1),  Roper  River,  1979,  107.5  mm  HL  (cleared  and  stained);  QM  1. 
16743,  (1),  Wilton  River,  1979,  upper  jaw  only,  SL  not  stated;  QM  1.16744,  (1),  1.16745, 
Mainoru  River,  1979,  upper  jaw  only,  SL  not  stated;  QM  1.16745,  (1),  same  data,  upper  jaw 
only,  SL  not  stated;  NTM  S.l  1 153-001,  (1),  Mainoru  River,  1979,  1 10  mm  HL;  AMNH  51650, 
(1),  Katherine  River,  8 mi.  downstream  from  Katherine,  1969,  125  mm  SL;  NTM  S. 12087-001, 
(3),  Katherine  River  near  Limestone  Creek  junction,  1980,  355-385  mm  SL  (111.6,  120.5, 
117.2  mm  HL);  AMS  1.16838-007,  (3),  same  data,  127-151  mm  SL;  AMS  1.20924-008,  (1), 
Mary  River,  1978,  310  mm  SL;  AMNH  51649,  (2),  junction  of  Big  Horse  Creek  and  Victoria 
River,  1969,  104  & 122  mm  SL;  AMS  1,20858-005,  (8),  Wickham  Gorge,  Victoria  River,  1978, 
255-320  mm  SL;  AMS  1.20848-010,  (1),  Jasper  Gorge,  Victoria  River,  1978,  87  mm  SL;  AMS 
1.20856-004,  (2),  Bullo  River  (Victoria  River  drainage),  1978,  212  &225  mmSL;AMS  1.20847- 
008,  (1),  upstream  from  Daly  River  crossing,  1978,  240  mm  SL;  AMS  1.20857-002,  (1),  Vic- 
toria River  district,  1978,  240  mm  SL;  AMS  1.20453-001,  (1),  McKinlay  River,  1978,  250  mm 
SL;  AMNH  51651,  (16),  South  Alligator  River  on  Pine  Creek-Oenpelli  road  crossing,  1969, 
118-224  mm  SL;  AMNH  51650,  (1),  Katherine  River,  8 miles  downstream  from  Katherine, 
1969,  125  mm  SL  QM  1.16744,  (2),  Mainoru  River,  1979,  upper  jaws  only,  SL  not  stated; 
QM  1.16745,  (2),  same  data,  upper  jaws  only,  SL  not  stated;  QM  1.16743,  (1),  Hodgson  River, 
1979,  upper  jaw  only,  SL  not  stated. 

Queensland 

QM  1.16741,  (2),  McArthur  River,  1975,  123.5  &:  130.7  mm  HL. 
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Two  new  species  of  Metapenaeopsis 
(Crustacea:  Decapoda:  Penaeidae)  from  south  Western  Australia 

Rob  Manning* 


Abstract 

Two  new  species  of  penaeid  prawn,  Metapenaeopsis  fusca  and  Metapenaeopsis 
lindae  are  described  from  shallow  south  Western  Australian  waters.  M.  fusca  can  be 
separated  from  all  other  members  of  the  genus  by  the  strongly  smooth  convex  dor- 
sal Carina  of  the  third  abdominal  somite,  and  a short  pterygostomial  spine.  M.  lindae 
can  be  distinguished  by  the  position  of  the  stridulating  organ,  longitudinally  grooved 
dorsal  carina  of  the  third  abdominal  segment,  long  pterygostomial  spine  and  the 
apical  processes  on  the  male  petasma. 


Introduction 

The  genus  Metapenaeopsis  (Bouvier)  comprises  approximately  50  species  that  in- 
habit a wide  range  of  substrates  and  depths.  The  genus  in  Australian  waters  was 
last  reviewed  by  Racek  and  Dali  (1965)  and  taxonomically  is  regarded  as  one  of 
the  most  complex  of  penaeid  genera. 

The  two  species  described  in  this  paper  were  collected  together  in  a 3 mm  mesh 
hand  trawl  net  during  a sampling  programme  for  juvenile  king  prawns,  Penaeus 
latisulcatus  at  Mangles  Bay,  in  Cockburn  Sound,  Rockingham  (32°16'S,  115° 
43' E),  Western  Australia.  Subsequently  further  representatives  of  both  species 
were  collected  from  commercial  trawlers  operating  outside  the  Sound. 

The  nomenclature  of  morphological  criteria  used  in  the  following  descriptions 
is  to  be  found  in  Kubo  (1949),  Dali  (1957)  and  Racek  and  Dali  (1965).  Body 
length  (B.L.)  was  measured  from  the  post-orbital  margin  to  the  tip  of  the  telson. 
Abdominal  segments  were  measured  as  a percentage  of  B.L.  The  material  examined 
is  housed  in  the  Western  Australian  Museum,  Perth  (WAM). 

Systematics 

Metapenaeopsis  fusca  sp.  nov. 

Figure  1 A-D;  Tables  1,  2 

Holotype 

WAM  369-87,  female  19  mm  C.L.,  74  mm  B.L.,  coll.  S.  Boocock,  Singleton,  south  Western 
Australia,  (32°27'S,  115°44'E);  18  May  1987. 
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Paratypes 

WAM  370-87,  male  9 mm  C.L.,  45  mmB.L.,  coll.  R.  & L.  Manning,  Mangles  Bay,  Rockingham, 
south  Western  Australia  {32°16'S,  115°43*E);  13  May  1987. 

WAM  371-87,  2 males:  9 mm  C.L.,  44  mm  B.L,;  11  mm  C.L.,  50  mm  B.L.,  coll.  R.  & L. 
Manning,  Mangles  Bay,  Rockingham,  south  Western  Australia;  11  June  1987. 

WAM  372-87,  2 females:  9 mm  C.L.,  41mm  B.L.,  12  mm  C.L.,  53  mm  B.L.,  2 males: 
10  mm  C.L.,  45  mm  B.L.,  10  mm  C.L.,  47  mm  B.L.,  coll.  R.  & L.  Manning,  Mangles  Bay,  Rock- 
ingham, south  Western  Australia;  27  May  1986. 

Diagnosis 

The  new  species  can  be  distinguished  from  all  other  Metapenaeopsis  (except 
Metapenaeopsis  lamellata)  by  the  presence  of  the  strongly  convex  “bulge-like” 
dorsal  carina  on  the  third  abdominal  segment  which  is  not  grooved  longitudinally 
on  the  upper  surface.  It  is  closest  to  Metapenaeopsis  barbata  (Figure  1 E-G),  a 
Japanese  species  described  by  Kubo  (1949).  Differences  between  this  species  are 
given  in  Tables  1 and  2.  Colouration  is  dark  chocolate-brown,  and  unusual  colour 
for  penaeids. 

Description 

Measurements  and  counts  are  presented  in  Table  2. 

Mean  number  of  dorsal  rostral  teeth  7+  epigastric;  range  6-8  teeth.  Rostra  of 
males  and  females  dimorphic;  male  rostrum  horizontal,  curving  upwards  alter 
5th  + epigastric  tooth  and  tapering  to  sharp  slightly  down  turned  tip;  female 
rostrum  gradually  upturned  from  base,  tapering  to  sharp  slightly  downturned 
tip.  Rostrum  reaching  middle  of  the  third  segment  of  peduncle.  First  rostral 
tooth  forward  of  frontal  margin  of  carapace.  .Adrostral  carina  strongly  curved 
posteriorly  into  ridge  of  frontal  margin  of  carapace. 

Carapace  entirely  tomentose;  all  sulci  obscured  by  dense  setae;  orbital  spine 
minute;  orbital-antennal  sulcus  shallow;  postocular  sulcus  well  defined;  antennal 
spine  well  developed,  carina  feeble;  pterygostomial  spine  short  and  sharp;  hepatic 
spine  moderately  large,  cervical  and  hepatic  sulci  deep  and  distinct  (when  setae 
removed);  stridulating  organ  (Figure  IB)  narrow,  slightly  upeurved,  with  16-28 
ridges  (averaging  22  on  small  specimens,  23  on  large  specimens). 

Antennular  flagella  moderately  short,  lower  flagella  hirsute,  slightly  longer 
than  upper,  minutely  puhescent  flagella.  Prosartema  and  styloccrite  exceeding 
anterior  margin  of  eye  and  reaching  posterior  of  second  segment.  Distolateral 
spine  long  and  slender,  pointing  anteriorly. 

Third  maxilliped  reaching  middle  of  second  antennular  segment.  Dactyl  of 
first  perciopod  reaching  base  of  fourth  antennal  segment,  ischial  spine  prominent; 
second  pereiopod  chela  just  exceeding  base  of  flagellum;  third  pereiopod  exceeding 
by  dactyl  anterior  of  fifth  antennal  segment;  fourth  perciopod  reaching  anterior 
edge  of  basceritc;  fifth  perciopod  reaching  anterior  of  fourth  antennal  segment, 
base  of  coxae  posteriorly  pubescent  with  margins  fringed  with  setae. 

Abdomen  tomentose  in  extensive  patches;  second  abdominal  somite  with  short 
dorsal  carina;  third  somite  with  prominent  dorsal  convex  carina  lacking  sulcus; 
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fourth  to  sixth  somite  with  strong  carina,  sixth  ending  in  small  tooth.  Sixth  seg- 
ment ranging  from  14-18  per  cent  of  body  length,  (mean  16  per  cent).  Telson 
shorter  than  uropods  ranging  from  16-19  per  cent  of  body  length,  (mean  17  per 
cent),  armed  with  three  mobile  pairs  and  one  fixed  pair  of  spines.  Apical  spine 
short. 

Thelycum  (Figure  1C):  Sternum  between  the  second  pereiopods  with  two  long 
spinous  processes.  Bilobed  plate  between  third  pereiopods.  Thelycal  anterior  plate 
flat,  elliptical,  fringed  anteriorly  with  setae.  Intermediate  plate  deeply  concave  with 
raised  lateral  ridges  abutting  coxae  of  fifth  pereiopods,  extending  laterally  45°  for 


Table  1 Major  differences  in  morphological  ch^iracters  between  Metapenaeopsis  fusca  and 
M.  barbata. 


Characters 

M.  fusca 

M.  barbata 

Stridulating  organ. 

Narrow,  slightly 
upeurved. 

Deep,  strongly 
upeurved. 

3rd  abdominal 

Strongly  convex, 

Flat,  slightly  curved 

somite,  dorsal 
carina. 

strongly  curved 
when  viewed  laterally; 
‘hump-back’  appearance. 

when  viewed  laterally. 

Pterygostomial 

Short,  not  reaching 

Large,  reaching  more 

spine. 

to  bascerite. 

than  half  length  of 
basicerite. 

Telson. 

Not  reaching  endopod 
of  uropod. 

Exceeding  endopod 
of  uropod. 

Thelycal  anterior 
plate. 

Almost  circular. 

± Oblong,  minute 
anterior  point. 

Thelycal  middle 

Extending  laterally 

Extending  laterally 

plate. 

well  outside  inner 
tips  of  coxal 
projections  of  4th 
pereiopods. 

about  as  far  as  inner 
tips  of  coxal 
projections  of  4th 
pereiopods. 

Thelycal  posterior 

Groove  separating  it 

Groove  separating  it 

plate. 

from  middle  plate 
plate  deep  and  of 
unifrom  width. 

from  middlae  plate 
with  two  triangular 
depressions. 

Petasma. 

Irregular  processes 
pointing  apically. 

Small  almost  regular 
processes  pointing 
apically  and  radiating 
around  inner  lateral 
left  distoventral 
projection. 

Geographical 

South-west  of 

Japanese  waters  and 

location. 

Western  Australia. 

Borneo. 
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Figure  1 


Metapenaeopsis  fusca  and  M,  barbata.  (Scales:  A = 20  mm,  B-G  = 2 mm). 


A.  M.  fusca,  female:  lateral  view  of  holotype. 

B.  M.  fusca,  stridulating  organ. 

C.  M.  fusca,  female:  thelycum. 

D.  M.  fusca,  male:  ventral  view  of  petasma. 


E.  M.  barbata,  stridulating  organ. 

F.  M.  barbata,  female:  thelycum. 

G.  M.  barbata,  male:  ventral  view 
of  petasma. 
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Table  2 Meristic  measurements  and  morphometric  characters  of  Metapenaeopsis  fusca  and 
M,  barbata. 


Characters 

Metapenaeopsis  fusca 

Metapenaeopsis  barbata 

Rockingham 

Singleton 

Japan 

Borneo 

6th  Segment 

Mean  % ()l  body  lenglli 

l(i.()±().b2 

15.5±0.21 

19.4 

- 

Range  of  measurenienls 

14.9-17.5 

15.1-15.5 

- 

- 

Nuinl)er  measured 

21 

5 

1 

- 

Telson 

Mean  % of  bod  v length 

17.3±9.67 

17.0±0.06 

21.2 

- 

Range  of  measurements 

lb.  1-18.5 

17.0-17.1 

- 

- 

Number  measured 

21 

5 

1 

- 

Epigastric  tooth 

% ol  carapace  lengdi 

b9.5±  1.84 

72.2±2.65 

74.7±2.19 

- 

Range  of  measurements 

65.7-75.9 

70.5-75.2 

75.1-76.2 

- 

Numl)er  measured 

21 

5 

2 

- 

Rostral  teeth 

Usual  no.  rostral  teeth 

7-8 

6-8 

6 (Rubo) 

7 (Rubo) 

Range  of  measurements 

6-8 

6-8 

6-7  (Rubo) 

6-7  (Rubo) 

Number  measured 

26 

2 

- 

- 

Stridulating  organ 

Usual  no.  of  ridges 

22-25 

20-28 

mostly  20-25  (Rubo) 

mostly  18-20  (Rul)o) 

Range  of  measurements 

16-25 

20-28 

18-25  (Rubo) 

15-25  (Rubo) 

Number  measured 

21 

5 

- 

- 

Petasma : 

Right  d.  V.  projection 

Usual  no.  apical  processes 

4 

- 

- 

- 

Range  ofnieasuremenls 

1-6 

- 

5-4  (Rubo) 

- 

Number  measured 

10 

- 

- 

- 

Left  d.  V.  projection 

Usual  no.  apical  j)rocesses 

9 

- 

- 

- 

Range  of  measurements 

4-10 

- 

7-12  (Rubo) 

- 

Number  measured 

10 

- 

- 

- 

short  distance.  Anterior  sternal  plate  between  fifth  pereiopods  medially  depressed 
and  curved  anteriorly,  extending  laterally  to  raised  ridge  encompassing  45°  ridges 
of  intermediate  plate  and  extending  anteriorly  and  laterally  behind  the  fifth 
coxae,  forming  deep  groove  between  two  plates.  Posterior  sternal  plate  tri-lobed. 
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with  deep  wide  groove  between  mid-lobe  and  middle  of  posterior  of  anterior 
plate. 

Petasma  (Figure  ID)  left  distroventral  projection  narrow,  larger  than  right, 
widest  in  distal  1/3,  distally  carrying  a cluster  of  4-10  (usually  8)  mixed  short  and 
long  pointed  processes.  Right  distoventral  projection  narrowing  towards  apex, 
carrying  distally  1-6  (usually  4)  pointed  processes. 

Colour  in  life:  the  translucent-white  body  surface  is  overlaid  with  extensive  dark 
chocolate-brown  mottling,  forming  a distinctive  wide  lateral  line  along  the  ab- 
domen. Basal  pereiopods  are  aqua-blue  with  blue  flecks  along  lower  lateral  side  of 
the  carapace  when  freshly  collected.  The  fourth  pleopods  are  characteristic 
chocolate-brown  in  colour. 

Distribution 

Metapenaeopsis  fusca  is  known  only  from  a relatively  restricted  area  of  south 
Western  Australia,  ranging  from  Singleton  (32°27'S,  115°44'E)  to  Cockburn 
Sound  (32°8'S,  115°45'E  to  32°16'S,  115°41'E).  It  has  been  collected  from 
depths  ranging  from  one  to  20  metres  over  a substrate  consisting  of  seagrass 
meadows  of  Posidonia  interspersed  with  areas  of  bare  sand.  The  species  is  con- 
sidered to  be  uncommon  to  rare  throughout  its  range. 

Remarks 

Specimens  of  this  species  have  been  collected  previously  during  trawl  surveys 
by  the  Western  Australian  Fisheries  Department  and  lodged  with  the  Western 
Australian  Museum.  Details  of  the  trawls  have  been  published  by  Penn  (1977) 
and  Heald  and  Walker  (1982).  The  specimens  were  incorrectly  identified  as 
Penaeopsis/ Metapenaeopsis  novaeguineae  (Haswell). 

Etymology 

The  species  is  named  fusca  (from  latin  fuscus  = dark)  in  recognition  of  its 
unique  dark  (chocolate-brown)  colouration. 

Additional  material  examined 

M.  fusca 

WAM  98-87,  2 females:  both  11  mm  C.L.,  2 males:  both  10  mm  C.L.  (as  Metapenaeopsis 
novaeguineae);  coll.  RJ.G.  Manning,  Mangles  Bay,  Rockingham  (32°16'S,  115°43'E),  south 
Western  Australia;  15  July  1987. 

WAM  106-87,  male,  12  mm  C.L.;  female,  18  mm  C.L.;  coll.  S.  Slack-Smith  and  A. A.  Paterson, 
Cockburn  Sound  off  Rockingham,  Kwinana,  south  Western  Australia,  25-26  February  1970. 

WAM  107-87,  female,  12  mm  C.L.,  (as  Metapenaeopsis  novaeguineae);  coll.  D.  Heald,  Cock- 
bum  Sound,  (32°12'20''S,  115°4'22''E),  south  Western  Australia,  15  September  1972. 

WAM  109-87,  male,  7 mm  C.L.,  (as  Metapenaeopsis  novaeguineae);  coll.  H.  Merrifield,  Cock- 
burn Sound,  south  of  Jervois  Groyne,  (32°11'12"S,  115''44'8"E),  south  Western  Australia,  6 
October  1975. 

WAM  112-87,  male,  13  mm  C.L.,  (as  Penaeopsis  novaeguineae);  coW.  M.H.  Shepherd,  between 
Woodman’s  Point  and  north  of  Garden  Island,  south  Western  Australia,  17  March  1971. 
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M.  harbata 

WAM  391-87,  male,  14  mm  C,L.;  coll.  M.  Toriyama,  Mimase  Fish  Markets,  Kochi  Pref.,  Japan, 
29  September  1984. 

WAM  392-87,  female,  21  mm  C.L.;  coll.  M,  Toriyama,  Tosa  Bay,  Kochi  Pref.,  Japan,  March 
1974. 


Metapenaeopsis  Undue  sp.  nov. 
Figure  2 A-D;  Tables  3,  4 


Holotype 

WAM  373-87,  female,  19  mm  C.L.,  77  mm  B.L.  (one  antennae  missing);  coll.  G.  Davis,  Bell 
Buoy,  NW  Rottnest  Island  (31°59'S,  115°34'E),  south  Western  Australia;  19  May  1987. 

Paratypes 

WAM  374-87,  male,  11  mm  C.L.,  52  mm  B.L.;  data  as  for  holotype. 

WAM  375-87,  3 females:  13  mm  C.L.,  58  mm  B.L.;  14  mm  C.L.,  62  mm  B.L.;  14  mm  C.L., 
62  mm  B.L.;  3 males:  11  mm  C.L.,  53  mm  B.L.;  11  mm  C.L.,  52  mm  B.L.;  11  mm  C.L.,  54  mm 
B.L.;  coll.  S.  Boocock,  Singleton  (32°27'S,  115°44'E),  south  Western  Australia;  18  May  1987. 

WAM  376-87,  3 females:  6 mm  C.L.,  31  mm  B.L.;  8 mm  C.L.,  39  mm  B.L.;  10  mm  C.L. 
(-1-  parasitic  isopod),  48  mm  B.L.;  2 males:  5 mm  C.L.,  25  mm  B.L.;  8 mm  C.L.,  (t-  parasitic 
isopod),  41  mm  B.L.;  3 unsexed:  3 mm  C.L.,  16  mm  B.L.;  4 mm  C.L.,  17  mm  B.L.;  4 ram  C.L., 
17  mm  B.L.;  coll.  R.  & L.  Manning,  Mangles  Bay,  Rockingham  (32°16'S,  115°43'E),  south 
Western  Australia;  11  June  1987. 

Diagnosis 

The  new  species  is  closest  to  the  Japanese  species  Metapenaeopsis  acclivis 
(Figure  2 E-G)  described  by  Kubo  (1949).  Differences  between  the  two  species 
are  given  in  Tables  3 and  4.  The  position  of  the  stridulating  organ  which  is  raised 
on  a ridge  above  the  branchiostegite,  longitudinally  grooved  dorsal  carina  of  the 
third  abdominal  segment,  long  plcrygostomial  spine  and  the  unique  overall  shape 
of  the  apical  processes  on  the  petasma  are  all  diagnostic. 

Description 

Measurements  and  counts  are  given  in  Table  4. 

Mean  number  of  dorsal  rostral  teeth  8 + epigastric;  range  7-9  teeth;  temalc  and 
male  rostra  near  horizontal,  slightly  upeurving  from  lifth  rostral  tooth  tapering  to 
slightly  downturned  tip;  tip  of  rostrum  exceeding  middle  of  third  segment  ol 
peduncle  — on  large  specimens,  equal  to  or  exceeding  segment.  First  rostral  tooth 
positioned  behind  frontal  margin  ot  carapace.  Adrostral  carina  strongly  curved 
posteriorly  into  ridge  of  frontal  margin. 

Carapace  entirely  tomentose;  all  sulci  obscured  by  dense  setae;  orbital  spine 
minute;  orbitahantennal  sulcus  shallow;  postocular  sulcus  deep  and  well  defined; 
antennal  spine  long  and  sharp  almost  reaching  eye;  antennal  carina  lecble,  sulcus 
wide  and  moderately  deep;  pterygostomial  spine  long  and  slender  ending  in  sharp 
point;  hepatic  spine  of  medium  size;  hepatic  and  cervical  sulci  deep  (when  setae 
removed);  long  shallow  depression  present  below  cardiac  region  and  posterior  to 
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A 


Figure  2 Metapenaeopsis  lindae  and  M.  acclivis.  (Scale:  A = 20  mm,  B-G  = 2 mm). 

A.  M.  lindae,  female:  lateral  view.  E.  M.  acclivis,  stridulating  organ. 

B.  M.  lindae,  stridulating  organ.  F.  M.  acclivis,  female:  thelycum. 

C.  M.  lindae,  female:  thelycum.  G.  M.  acclivis.  male:  ventral  view  of 

D.  M.  lindae,  male:  ventral  view  of  petasma.  petasma. 


98 


Rob  Manning 


Table  3 Major  differences  in  morphological  characters  between  Metapenaeopsis  Undue  and 
M.  acclivis. 


Characters 

M.  Undue 

M.  ucclivis 

Stridulating  organ. 

On  ridge  distinctly 
raised  above  level 
of  branchiostegite. 

Not  markedly  raised 
raised  above  level  of 
branchiostegite . 

3rd  abdominal 

Sulcus  well  defined, 

Sulcus  feeble, 

somite,  dorsal 

at  least  half  length 

about  one-third 

carina. 

of  carina. 

length  of  carina. 

Telson. 

Shorter  than  uropod. 

Longer  than  uropod. 

Thelycum  anterior 

Almost  circular 

Rhomboidal  or 

plate. 

with  anterior  point. 

flabelliform. 

Petasma. 

Apical  processes 
regular,  pointing 
ventrally. 

Slightly  irregular 
apical  processes 
radiating  in  horizontal 
plane  of  petasma. 

Geographical 

South-west  of 

Japanese  waters. 

location. 

Western  Australia. 

pterygostomial  region  on  branchiostegite;  stridulating  organ  (Figure  2 B)  pos- 
teriorly raised  on  ridge  above  the  level  of  branchiostegite,  narrow  and  slightly 
curved,  with  1 7-26  ridges  (averaging  22  on  small  specimens,  23  on  large  specimens). 

Antennular  flagella  short,  lower  and  upper  llagella  almost  equal  in  length,  lower 
flagella  hirsute.  Prosartema  short  not  exceeding  anterior  margin  of  eye.  Stylocerite 
reaching  base  of  second  antennular  segment  of  peduncle.  Distolateral  spine  mod- 
erately long,  pointing  40°  anterolaterally. 

Third  maxilliped  almost  reaching  anterior  of  first  antennular  segment  of 
penduncle.  Dactyl  of  first  pereiopod  reaching  posterior  of  fifth  antennal  segment, 
ischial  spine  prominent;  second  pereiopod  exceeding  by  dactyl  fourth  antennal 
segment  by  dactyl;  third  pereiopod  exceeding  by  dactyl  anterior  of  filth  antennal 
segment;  fourth  pereiopod  just  exceeding  anterior  of  fourth  antennal  segment; 
fifth  pereiopod  reaching  base  of  flagellum. 

Abdomen  tomentose  in  extensive  patches;  second  abdominal  somite  with  short 
dorsal  carina;  third  somite  with  slightly  raised  carina  with  well  defined  sulcus 
occupying  half  length  of  carina;  fourth  to  sixth  somites  with  strong  carina,  sixth 
ending  in  small  tooth.  Sixth  segment  ranging  from  17-20  per  cent  (mean  18  per 
cent)  of  body  length.  Telson  marginally  shorter  than  uropods,  ranging  from  16-20 
per  cent  (mean  18  per  cent)  of  body  length,  armed  with  three  mobile  pairs  and 
one  pair  of  fixed  spines,  apical  spine  very  long  and  slender. 

Thelycum  (Figure  2C):  Sternum  between  second  pereiopods  with  two  long 
spinous  processes;  between  third  pereiopods,  bilobed  plate  with  small  but  dis- 
tinct lobules  positioned  wide  distance  apart.  Thelycal  anterior  plate  flat,  almost 
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circular  with  short  anterior  point,  setae  set  in  two  shallow  ‘hollows’  on  either 
side  of  the  anterior  point;  intermediate  plate  deeply  concave  with  prominently 
raised  lateral  ridges  abutting  coxae  of  fifth  pereiopods;  anterior  sternal  plate 
between  fifth  pereiopods  medially  lightly  depressed  and  curved  anteriorly,  ex- 
tending laterally  to  distinct  ridge,  sharply  curving  anteriorly  and  laterally  behind 

Table  4 Meristic  measurements  and  morphometric  characters  of  Metapenaeopsis  Undue  and 
M.  acclivis. 


Characters 

Metapenaeopsis  lindae 

M.  acclivis 

Rockingham 

Singleton 

Rottnest  Is. 

Peel  Harvey  Estuary 

Japan 

6th  Segment 

Mean  % ol  bodv  length 

I8.0±().73 

18.1±0.78 

17.9±0.88 

17.2±().72 

17.5±().47 

Range  of  nieasiirenienls 

17.0-19.5 

10.0-19.3 

1 (>.5-19.7 

10.2-18.2 

17.0-18.1 

Nunil)er  measured 

1 1 

22 

20 

10 

4 

Telson 

Mean  9?  of  body  length 

!8.2±0.58 

18.3±1.I0 

18.4±0.48 

17.8±().81 

2().0±().79 

Range  of  measu  rements 

17.5-19.3 

10.4-20.4 

17.2-19.2 

10.7-18.9 

19.2-20.1 

Number  measured 

1 1 

21 

20 

10 

4 

Epigastric  tooth 

% of  cai  apace  length 

72.5±2.22 

74.4±2.49 

72.9±1.92 

71.9±3.94 

75.1+0.90 

Range  ol  measurements 

00.7-74.9 

09.7-78.9 

(58.1-75.9 

02.5-70.0 

74.2-70.3 

Number  measured 

1 1 

22 

20 

10 

4 

Rostral  teeth 

Usual  no.  rostral  teeth 

8 

8 

8 

8 

0 (Kubo) 

Range  ol  measurements 

7-9 

7-9 

8-9 

7-9 

(i-7  (Kubo) 

Numl)er  measureti 

10 

19 

19 

10 

- 

Stridulating  organ 

LIsual  no.  of  i idges 

23 

21-23 

23 

24 

- 

Range  of  measu  rements 

18-24 

18-20 

17-20 

20-20 

13-18  (Kubo) 

Numbei  measured 

1 1 

22 

20 

10 

- 

Petasma : 

Right  d.  V.  projection 

Usual  no.  a[>i(  al  processes 

3-4 

4 

3-5 

- 

>eveial  (Kubo) 

Range  of  measurements 

3-4 

1-4 

3-(> 

- 

- 

NurnlK*!  measured 

5 

5 

7 

- 

- 

Left  d.  V.  projection 

Usual  no.  apical  processes 

9 

8 

11-14 

- 

many  (Kubo) 

Range  of  measurements 

9-13 

8-15 

9-10 

- 

Number  measured 

5 

5 

7 

- 
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fifth  coxae  forming  deep  wide  groove  between  intermediate  and  anterior  sternal 
plates.  Posterior  sternal  plate  tri-lobed,  median  lobe  large,  forming  deep  wide 
groove  between  two  sternal  plates. 

Petasma  (Figure  2D)  with  left  distoventral  projection  larger  than  right,  widest 
at  apical  1/3,  distally  carrying  8-16  regularly  arranged  laterally  pointing  apical 
processes,  (resembling  a fist  without  the  thumb);  right  distoventral  projection 
widest  at  upper  1/3,  distally  carrying  1-6  small  pointed  processes. 

Colour  in  life:  The  background  colour  of  the  whole  body  is  translucent  white  to 
light  pink-brown  overlaid  by  scattered  light  to  dark  red-brown  markings.  The 
colour  pattern  varies  between  juvenile  and  adult  prawns  and  habitat.  Bases  of  the 
pereiopods  and  pleopods  and  the  ventral  surface  of  carapace  are  chalky  white  in 
large  specimens.  The  uropods  are  dark  red-brown. 

Distribution 

Metapenaeopsis  lindae  is  a widespread  southern  Australian  species  ranging  from 
Smoky  Bay,  South  Australia  (32°20'S,  133°45^E)  to  north  west  of  Rottnest 
Island  (31°59'S,  115°34'E).  Habitats  include  sand,  limestone  reefs  and  seagrass 
meadows.  The  species  is  very  common  at  Singleton  (32°27'S,  115°44'E)  and  at 
Rockingham  (32°16'S,  115°43'E), 

Remarks 

This  species  has  been  previously  collected  from  Cockburn  Sound  during  Western 
Australian  Fisheries  Department  trawl  surveys  (Penn  1977)  and  specimens  were 
lodged  in  the  Western  Australian  Museum.  Most  specimens  in  the  WAM  collection 
were  incorrectly  identified  as  Penaeopsis/ Metapenaeopsis  novaegumeae. 

Individuals  of  M.  lindae  were  often  infected  with  bopyrid  parasite  under  the 
postero-lateral  area  of  the  carapace. 

Etymology 

This  species  was  named  in  honour  of  my  wife,  Linda. 

Additional  material  examined 

M.  lindae 

WAM  94-87,  female,  10  mm  C.L.;  male,  10  mm  C.L.,  (as  Penaeopsis  novaeguineae);  coll. 
R.  Lenanton,  Hardy  Inlet  (34°17'S,  115°10T),  south  Western  Australia;  June  1976. 

WAM  96-87,  male,  12  mm  C.L.,  (as  Penaeopsis  novaeguineae);  coll.  R.  Stannard,  (32° 
16'5"S,  115°36'0"E);  7 July  1977. 

WAM  99-87,  female,  14  mm  C.L.,  (as  Penaeopsis  novaeguineae);  coll.  R.W.  George  and 

N.  Sarti,  4.5  mUes  west  of  south  channel  (32°15T5”S,  115°39'9"E);  29  June  1977. 

WAM  100-87,  female,  11  mm  C.L.,  (as  Metapenaeopsis  novaeguineae);  coll,  unknown, 
Smoky  Bay,  South  Australia;  5 July  1953. 

WAM  351-87,  male,  12  mm  C.L.,  (posterior  of  body  missing),  female,  15  mm  C.L,;  coll, 
unknown,  north  east  Rottnest  Island,  18  September  1965. 

M.  acclivis 

WAM  393-87,  2 males:  13  mm  C.L.,  15  mm  C.L.,  2 females:  16  mm  C.L.,  19  mm  C.L.; 
coll.  K.  Kojima,  Yuya  Bay,  Yamaguchi  Pref.,  Japan,  about  1976. 
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Discussion 

Specimens  of  both  new  species,  collected  prior  to  this  study  and  housed  at  the 
Western  Australian  Museum,  were  identified  as  tropical  Australian  species,  Meta- 
penaeopsis  novaeguineae  (Haswell)  which  has  similar  dark  colouration  to  M. 
fusca.  The  features  of  Metapenaeopsis  novaeguineae  that  clearly  distinguish  the 
species  from  both  M.  lindae  and  M.  fusca  are  the  number  of  stridulating  ridges 
(11-17)  very  broad  thelycal  anterior  plate,  number  of  apical  projections  on  the 
left  distoventral  projection  (10-15),  and  the  raised,  flat  topped  dorsal  carina  on 
the  third  abdominal  segment  (Racek  and  Dali  1965). 

The  two  new  species  arc  often  caught  together  and  may  be  distinguished  when 
fresh  by  their  colouration.  After  preservation  in  alcohol,  M,  lindae  can  be  recog- 
nised by  the  stridulating  ridges,  dorsal  carina  of  the  third  segment,  long  ptery- 
gostomial  spine  and  male  petasma.  M.  fusca  is  easily  separated  by  the  obvious 
smooth  convex  dorsal  carina  on  the  third  abdominal  segment.  Only  one  other 
species,  Metapenaeopsis  lamellata  (de  Haan)  has  a well  defined  salient  dorsal 
carina  on  the  third  abdominal  segment  and  can  be  separated  from  M.  fusca  by 
the  whole  prawn’s  unique  appearance.  M.  lamellata  has  been  described  by  Kubo 
(1949)  and  partially  by  Racek  and  Dali  (1965). 

On  the  basis  of  photographs  of  live  specimens  of  the  two  Japanese  species, 
M,  barbata  and  M.  acclivis,  provided  by  Professor  K.  Hayashi,  it  is  apparent  M. 
fusca  and  M.  barbata  can  be  distinguished  by  colouration  when  fresh,  whilst 
M.  lindae  and  M.  acclivis  are  very  similar  in  colour  pattern. 

Thelycal  structures  of  M.  fusca  and  M,  lindae  have  similarities  to  those  of 
other  Australiim  Metapenaeopsis  species;  M,  crassissima  Racek  and  Dali,  M. 
palmensis  (Haswell),  M.  rosea  Racek  and  Dali,  M.  novaeguineae  (Haswell)  and 
M,  stridulans  (Alcock)  and  also  to  the  Japanese  species  M.  dura  (Kubo)  where 
the  median  plates  of  the  thelyca  abutt  to  form  a ‘W’  shaped  posterior  plate.  The 
sexual  organs  of  both  sexes  of  M.  lindae  are  very  similar  in  morphology  to  those 
of  M.  crassissima,  a common  penaeid  in  north-western  Australia  (Grey  et  al. 
1983).  It  seems  likely  that  the  record  of  M.  crassissima  off  the  South  Australian 
coast  (Grey  et  al.  1983)  was  the  closely  related  and  southern  M.  lindae. 
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New  records  of  Stylasteridae  (Cnidaria:  Hydrozoa)  from 
Western  Australia,  including  the  description 
of  two  new  species 

Stephen  D.  Cairns* 

Abstract 

Four  species  of  stylasterids  are  reported  from  off  Western  Australia,  including  two 
new  species  and  several  lots  of  a poorly  known  deep-water  species,  Crypthelia 
pudica.  These  are  the  first  records  of  stylasterids  from  Western  Australia.  A check- 
list of  the  14  sylasterid  species  now  known  from  Australia  and  an  historical  resume 
of  their  presence  off  Australia  are  given. 

Introduction 

A review  of  the  literature  on  Australian  stylasterids  reveals  that  11  species,  in- 
cluding three  exclusively  fossil  species,  have  been  reported  from  28  localities.  Of 
these  records,  11  are  geographically  obscure,  such  as  ‘Australia’,  and  of  the 
remaining  17,  only  six  have  accompanying  bathymetric  data.  Clearly,  much  remains 
to  be  accomplished  concerning  the  zoogeographical  relationships  of  Australian 
stylasterids.  Based  on  a collection  borrowed  from  the  Western  Australian  Museum, 
22  lots  of  Western  Australian  stylasterids  were  studied,  which  included  two  new 
species,  an  additional  record  of  D.  violacea,  and  nine  lots  of  the  poorly  known 
Crypthelia  pudica.  These  four  species  represent  the  first  records  of  stylasterids 
from  Western  Australian  and  increase  to  14  the  number  of  species  known  from 
Australia  (see  Checklist). 

Most  type  specimens  of  the  new  species  and  nontypes  of  the  others  are  dep- 
osited at  the  Western  Australian  Museum,  Perth  (abbreviated  WAM),  with  some 
specimens  also  deposited  at  the  United  States  National  Museum  of  Natural 
History,  Smithsonian  (abbreviated  USNM).  Morphological  terminology  and  general 
methodology  are  discussed  in  Cairns  (1983)  and  amplified  in  Cairns  (1986a,  b). 


Historical  Resume 

The  earliest  definitive  record  of  a stylasterid  from  Australia  was  that  of  the 
common  shallow-water  species  Distichopora  violacea,  reported  by  Delongchamps 
(1824)  from  ‘les  cotes  de  I’Australie’.  Hickson  (1892)  later  reported  D,  violacea 
from  Murray  Island,  Torres  Strait,  and  Boschma  (1959)  thoroughly  discussed  this 

* Department  of  Invertebrate  Zoology,  National  Museum  of  Natural  History,  Smithsonian 
Institution,  Washington,  D.C.  20560,  USA. 
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species,  but  added  no  additional  records  from  Australia.  Veron  (1986)  illustrated 
this  species  in  colour,  stating  that  it  was  common  on  the  Great  Barrier  Reef  and 
often  found  in  caves. 

Milne  Edwards  and  Haime  {1850a)  described  three  new  species,  Stylaster 
sanguineus,  S.  granulosus,  and  S,  from  the  imprecise  locality  of ‘Australie’. 

All  three  species  are  still  considered  valid,  with  broader  distributions  in  the  western 
Pacific  (Boschma  1957).  The  types  of  S.  sanguineus,  deposited  at  the  Museum 
National  Histoire  Naturelle,  Paris  (MNHNP),  were  re-examined  by  Boschma, 
leading  to  a redescription  of  that  species  (Boschma  1964).  The  types  of  S.  gracilis 
and  S.  granulosus,  however,  are  not  deposited  at  the  MNHNP  or  British  Museum 
(Natural  History)  (BM)  and  are  presumed  to  be  lost.  S.  gracilis  was  subsequently 
reported  from  Torres  Strait  by  Hickson  (1892). 

Kent  (1871)  described  a new  species,  Distichopora  rosea,  from  the  ‘east  coast 
of  Australia’,  but  this  species  was  later  tentatively  synonymised  with  D.  violacea 
by  Boschma  (1959). 

In  his  monograph  of  the  genus  Distichopora,  Tenison-Woods  (1879)  listed  both 
D.  violacea  and  D.  coccinea  Gray,  1860,  from  north-east  Australia,  the  latter  a 
new  record  for  the  continent.  The  Australian  distribution  of  D.  coccinea  was  con- 
firmed by  Boschma  (1959),  but  still  without  precise  distributional  data. 

Tenison-Woods  (1883)  also  described  a new  species,  Stylaster  incornpletus, 
from  Port  Stephens,  New  South  Wales  (55  m).  This  species  was  subsequently 
reported  by:  Waite  (1899)  as  S.  sanguineus  from  Bird  Island,  NSW,  46  m;  Hedley 
(1903)  as  S.  sanguineus  and  by  Ritchie  (1911)  as  S.  eximus  from  three  ‘Thetis’ 
stations  off  NSW,  90-115  m;  Boschma  (1956)  from  Port  Stephens  and  Port 
Denison,  Qld;  and  Wells  (1964)  from  Jumpin  Pin,  Queensland,  86  m. 

Lendcnfield  (1885),  in  a checklist  of  the  hydromedusae  from  Australia,  listed 
four  of  the  six  previously  reported  species,  but  did  not  add  any  new  information. 

Hall  (1893)  described  Stylaster  mooraboolensis  from  the  Miocene  of  Geelong, 
Victoria  and  added  more  records  from  the  Victorian  Eocene  in  1898  (Hall  1898). 
Also,  in  1898,  Hall  reported  Sporadopora  dichotorna  (Moseley,  1876)  from  the 
Miocene  of  Hamilton,  Victoria,  and  an  unidentified  Distichopora  from  the  Eocene 
to  Miocene  of  Victoria.  Boschma  (1957)  doubted  the  identity  of  Sporadopora 
dichotorna,  implying  that  it  was  a different  species  in  the  same  genus. 

In  Boschma 's  (1953)  listing  of  the  Stylasterina  of  the  Pacific  Ocean,  he  listed 
12  species  from  Australia,  but  two  of  them,  S.  duchassaingi  and  D.  rosea,  are 
junior  synonyms  of  previously  reported  species,  and  mother , Distichopora  livida, 
was  incorrectly  attributed  to  Australia.  Therefore,  only  nine  species  were  validly 
reported,  all  of  which  have  been  previously  discussed. 

In  Boschma’s  (1959)  Indo-Pacific  revision  of  Distichopora,  all  species  of 
Distichopora  known  from  Australia  were  discussed  and  a new  one  reported, 
D.  nitida  Verrill,  1864,  from  the  Great  Barrier  Reef.  Wells  (1954)  was  cited  as 
the  authority  for  D.  nitida  in  Australia,  but,  actually,  Wells  (1954)  did  not  report 
any  new  records  of  stylasterids  from  Australia;  Boschma’s  (1959)  identification  of 
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a specimen  deposited  at  the  University  of  Qeensland  is  therefore  the  only  record 
of  D.  nitida  from  Australia. 

The  last  (eleventh)  species  to  be  reported  from  Australia  was  Conopora  adeta 
Cairns,  1987,  an  unattached  coral  from  relatively  deep  water  (398  m)  off  Queens- 
land. Cairns  listed  the  other  species  known  from  Australia  but  overlooked  the  two 
fossil  records  of  Hall  (1898). 

Two  new  species  are  described  in  this  paper  from  Western  Australia,  and 
Crypthelia  pudica  is  also  reported  for  the  first  time  from  Australia,  which  brings 
to  14  the  number  of  stylasterids  known  from  Australia. 


List  of  Stylasteridae  known  from  Australia 

f Sporadopora  dichotoma  sensu  Hall,  1898 
* Distichopora  violacea  (Pallas,  1766) 

Distichopora  coccinea  Gray,  1860 
Distichopora  nitida  Verrill,  1864 
f Distichopora  sp.  sensu  Hall,  1898 
'^Stylaster  marshae  sp.  nov. 

Stylastcr  sanguineus  Milne  Edwards  and  Haime,  1850 
Sty  taster  granulosus  Milne  Edwards  and  Haime,  1850 
Stylastcr  gracilis  Milne  Edwards  and  Haime,  1850 
Stylastcr  incompletus  (Tenison-Woods,  1883) 
f Stylastcr  mooraboolensis  (Hall,  1893) 

'^Stylastcr  tenisonwoodsi  sp.  nov. 

Conopora  adeta  Cairns,  1987 
"^Crypthelia  pudica  Milne  Edwards  and  Haime,  1849 

t exclusively  fossil  species 
* new  record  for  Western  Australia 


Family  Stylasteridae 

Distichopora  Lamarck,  1816 


Diagnosis 

Gastropores  usually  aligned  on  lateral  branch  surfaces  and  flanked  on  both 
sides  by  a row  of  dactylopores,  together  forming  a pore  row.  Coenosteal  texture 
variable  including  reticulate-granular,  tuberculate,  tufted,  and  linear-imbricate. 
Gastropores  never  lipped:  gastropore  and  dactylopore  tubes  long.  Gastrostyles 
usually  slender,  highly  ridged,  and  very  elongate:  tabulae  common.  Dactylopores 
usually  elliptical,  oriented  perpendicular  to  gastropore  row;  no  dactylostyles. 
Ampullae  usually  superficial.  Type  species:  Millepora  violacea  Pallas,  1766,  by 
monotypy. 
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Distichopora  violacea  (Pallas,  1766) 

Figure  ID 

Distichopora  violacea  Boschma  1959:  134-144  (synonymy,  discussion,  and  distribution) 
Cairns  1983:  471-473  (synonymy  and  illustrations). 

Distichopora  sp.  - Veron  1986:  620-621,  figs.  2-4. 

Material  examined 

1 9,  WAM  936-86,  south-east  corner  of  Ashmore  Reef  off  north-western  Australia:  outer 
slope,  6-8  m,  on  under  slide  of  Porites  ledges. 

Discussion 

A small  typical  female  colony  of  D.  violacea  is  reported,  measuring  18.9  mm  tall 
and  26.3  mm  broad  and  having  a dark  purple  coenostcum.  Although  this  species 
is  one  of  the  most  widespread  of  the  stylasterids,  known  from  throughout  the 
tropical  Indo-West  Pacific,  including  off  eastern  Australia  (Delongchamps  1824; 
Hicson  1892;  Boschma  1959;  Veron  1986),  it  has  not  been  reported  previously 
from  off  Western  Australia. 


Stylaster  Gray,  1831 

Diagnosis 

Gastro-  and  dactylopores  arranged  in  cyclostystems,  which  are  variable  in  loca- 
tion, ranging  from  a uniform  coverage  of  all  branch  surfaces  (Group  A)  to  a strictly 
sympodial  arrangement  (Group  C),  with  many  intermediate  arrangements  (Group 
B).  Coenosteal  colour  and  texture  variable:  most  common  textures  reticulate- 
granular  and  linear-imbricate.  Gastro-  and  dactylostyles  present.  Gastrostyles 
usually  ridged;  dactylostyles  can  be  quite  robust  (Group  A)  or  rudimentary 
(Groups  B and  C).  Ring  palisade  often  present;  gastropore  inner  shelf  also  often 
present  in  Group  C.  Ampullae  superficial,  usually  with  distinct  efferent  pores. 
Type  species:  Madrepora  rosea  Pallas,  1766,  by  subsequent  designation  (Milne- 
Edwards  and  Haime  1850b). 

Stylaster  marshae  sp.  nov. 

Figures  lA,  E,  2A-G 

Holotype 

1 9,  WAM  535-87,  north-west  of  Surf  Point,  Dirk  Hartog  Island,  Shark  Bay,  WA,  26°07' 
40"S,  113°10'20"E,  9 m,  under  ledges,  5 April  1979. 

Paratypes 

3 9,  WAM  424-86,  1 9,  USNM  79518,  same  locality  as  above;  2 9,  WAM  425-86,  east  side  of 
reef,  south  of  Surf  Point,  Dirk  Hartog  Island,  Shark  Bay,  WA,  1-2  m,  under  ledges,  5 April 
1979;  5 9,  WAM  80-78,  1 9,  USNM  79519,  Goss  Passage,  south-east  end  of  Long  Island,  Wallabi 
Group.  Houtman  Abrolhos,  WA,  7.5-13  m,  sheltered  position,  4 September  1977;  2 9,  3 d, 
WAM  431-86,  inside  outer  reef  north-west  of  Gun  Island,  Pelsaert  Group,  Houtman  Abrolhos, 
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Figure  1 A.  Stylaster  marshae  sp.  nov.,  holotype,  WAM  535-87,  xO.73.  B.  Stylaster  tenison- 
ivoodsi  sp.  nov.  holotype,  WAM  536-87,  x 1.2.  C.  Crypthelia  pudica,  WAM  19-85, 
male,  x 1.1  D.  Distichopora  violacea,  WAM  936-86,  female,  x 2.1.  E.  Stylaster 
marshae  sp.  nov.,  paratype,  female,  USNM  79519,  x 14. 
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Figure  2 Stylaster  marshae  sp.  nov.  (A,  WAM  129-58,  female;  B-F,  WAM  424-86,  female;  C, 
G,  WAM  431-86,  male):  A.  Fractured  cyclosystems  revealing  gastrostyles,  ring  pali- 
sade, and  efferent  pores  of  two  female  cyclosystems,  x 21.3,  stereo  pair.  B.  Rough 
coenosteal  strips  with  three  isolated  dactylopores,  x 62.  C.  Two  cyclosystems  with 
adjacent  mass  of  male  ampullae  with  apical  efferent  pores,  x 20.7,  stereo  pair. 
D.  Coenosteal  texture,  x 164.  E-F.  Gastrostyle,  x 44.6,  x 120,  respectively.  G. 
Gastropore  tubes  missing  gastrostyles  revealing  diffuse  ring  palisades,  x 34.1. 
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WA,  0-1  m on  coral  reef  among  dead  Acropora,  1 April  1976;  1 9,  WAM  430-86,  same  habitat 
as  previous  record  but  south-west  of  Gun  Island,  collected  on  8 April  1976;  1 9,  WAM  429-86, 
south-east  side  of  Pelsaert  Island,  Pelsaert  Group,  Houtman  Abrolhos,  WA,  intertidal  reef  plat- 
form, 13  December  1982;  1 9,  2 d,  WAM  427-86,  Carnac  Island,  off  Fremantle,  WA,  9 January 
1978;  2 9,  2 c5,  WAM  129-58,  Cape  Vlaming  and  Salmon  Point  at  Rottnest  Island,  WA,  in  caves 
and  on  broken  reef  surface,  December  1950;  3 9,  WAM  130-73,  Green  Island  Reef,  Rottnest 
Island,  WA,  on  wall  of  reef  hole  exposed  to  surge,  22  January  1973;  4 9,  3 d,  WAM  426-86, 
Rottnest  Island,  WA;  3 9,  2 d,  WAM  440-86,  1 d,  USNM  79520,  Little  Island  off  Whitford 
Beach,  WA,  1-2  m,  on  roof  of  cave,  13  April  1974. 

Description 

Colony  shape  variable,  apparently  dependent  on  degree  of  water  movement.  In 
high-energy  environments,  such  as  under  exposed  ledges,  colonies  uniplanar  to 
bushy,  with  robust,  blunt-tipped  branches.  In  calmer,  sheltered  environments, 
such  as  within  caves,  colonies  exclusively  uniplanar,  with  more  delicate,  slender 
branches.  Branches  anastomose  occasionally  in  robust  colonies.  Largest  colony 
examined  (the  holotype)  5.9  cm  tall,  9.3  cm  broad,  and  4.0  cm  deep.  Coenosteum 
white;  however,  dried  and,  probably,  living  tissue  (coenosarc)  light  orange.  Some 
colonies  appear  to  be  light  pink,  caused  by  an  algal  encrustation.  Coenosteum 
reticulate-granular,  the  slightly  convex  strips  65-85  pm  wide  and  covered  with 
irregularly  shaped  granules  up  to  16  ^um  tall  and  5 pm  in  diameter.  The  tall 
granules  produce  a rough  coenosteal  texture.  Coenosteum  covered  with  round 
isolated  dactylopores  60-70  jum  in  diameter,  particularly  common  on  large-diameter 
basal  branches. 

Cyclosystems  variably  arranged:  occurring  on  all  branch  surfaces  of  robust 
colonies,  sympodially  arranged  on  delicate  colonies,  and  with  intermediate 
arrangements  in  yet  others.  Cyclosystems  round  (0.9- l.l  mm  in  diameter)  to 
slightly  elliptical,  often  slightly  exsert  proximally  but  flush  at  the  diastemate 
distal  edge.  Occasionally,  cyclosystems  fuse  together  (‘chaining’)  in  a meandering 
line  of  two  to  five,  all  sharing  a common  sulcus  as  in  Distichopora.  Based  on  50 
cyclosystems,  there  is  a range  of  7-14  dactylopores  per  cyclosystem,  average  = 
10.46  (a  = 1.66),  and  mode  of  10  and  11. 

Gastropore  tube  long  and  cylindrical,  the  gastrostyle  occupying  the  basal  40 
per  cent.  A well-developed  diffuse  ring  palisade  is  present  adjacent  to  the  upper 
half  of  the  gastrostyle,  the  elements  up  to  0.10  mm  tall  and  often  fused  into 
vertical  ridges  up  to  0.2  mm  long.  Illustrated  gastrostyle  elongate-conical,  0.51  mm 
and  0.19  mm  in  diameter  (H:W  = 2.68).  Gastrostyles  highly  ridged,  the  ridges 
bearing  elongate  sharp  spines  up  to  35  pm  long.  Both  pseudosepta  and  dacty- 
lotomes  about  0.10  mm  wide;  diastemas,  when  present,  two  to  three  times  width 
of  pseudoseptum.  Dactylostyles  moderate  in  development,  composed  of  a linear 
series  of  blunt  elements  about  42  pm  tall  and  10-11  pm  in  diameter. 

Female  ampullae  large  hemispheres,  up  to  0.90  mm  in  diameter,  often  clustered, 
but  not  losing  the  individuality  of  their  shape.  Lateral  efferent  pore  about  0.20  mm 
in  diameter.  Female  ampullae  often  appear  to  be  slightly  undercut  around  basal 
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perimeter,  perhaps  caused  by  a series  of  small  afferent  pores.  Individual  male 
ampullae  0.50-0.65  mm  in  diameter,  but  often  two  or  three  closely  united  into 
one  roughly  hemispherical  structure  about  0.80  mm  in  diameter,  with  two  or 
three  apical  efferent  pores,  presumably  one  for  each  gonophore.  These  irregularly 
shaped  compound  ampullae  are,  in  turn,  often  clustered  into  larger  elevated  masses, 
the  individual  ampullae  becoming  indistinct.  Male  efferent  pores  34-40  Mm  in 
diameter. 

Discussion 

The  arrangement  of  cyclosystems  in  S.  marshae  is  quite  variable  but,  in  general, 
follows  that  of  Stylaster  (Group  B)  as  defined  by  Cairns  (1983).  S.  marshae  is 
distinguished  from  the  other  species  in  this  group  by  its  numerous  isolated  dac- 
tylopores,  occasional  chaining  of  cyclosystems,  rough  coenosteal  texture,  and 
undercut  female  ampullae. 

Etymology 

This  species  is  named  in  honour  of  Mrs  Loisette  Marsh  of  the  Western  Australian 
Museum,  who  collected  some  of  the  specimens  and  made  them  all  available  to  me. 


Habitat  and  distribution 

Insular  Western  Australia  from  Dirk  Hartog  Island,  Shark  Bay  to  Rottnest 
Island,  0-13  m,  in  caves,  reef  flats,  and  under  ledges. 


Stylaster  tenisonwoodsi  sp.  nov. 
Figures  IB,  3A-F 


Holotype 

1 9,  WAM  536-87,  south-east  corner  of  Ashmore  Reef,  outer  slope  on  under  sides  of  Porites 
ledges,  6-8  m,  15  September  1986. 

Paratypes 

2 9,  WAM  934-86,  1 9,  USNM  79521,  same  locality  as  holotype;  3 9,  USNM  77050,  Alpha 
Helix  s’ta.  79-M-35,  10°43'20"S,  150°17'E  (Louisiade  Archipelago,  Papua  New  Guinea),  1-11  m, 
14  June  1979;  1 9,  USNM  77165,  Sting  Ray  sta.  78-T-7,  11°38'N,  123°52'38''E  (Visayan  Sea, 
Philippine  Islands),  90  m,  5 June  1978. 

Description 

Colonies  uniplanar  to  slightly  bushy,  delicate,  with  no  branch  anastomosis. 
Largest  colony  (holotype)  composed  of  three  uniplanar  flabella  diverging  in 
slightly  different  planes  from  a common  basal  encrustation.  Largest  flabellum 
33  mm  tall  and  52.3  mm  broad.  Four  of  the  eight  colonies  studied  have  bicoloured 
coenosteum.  The  basal  20-80  per  cent  of  thebicoloured  colonies  is  light  rose-violet, 
the  complementary  distal  portions  being  pale  orange.  Superimposed  on  this 
background  coenosteal  colour,  all  cyclostystems  are  pigmented  a much  deeper 
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Figure  3 Stylaster  tenisonwoodsi  sp.  nov.  Paratypes  from  WAM  934-86:  A.  Cyclosystem, 
carinate  coenosteum  and  female  ampullae,  x 31.1,  stereo  pair.  B.  Gastrostyle  and 
ring  palisade,  x 123.  C.  Quster  of  female  ampullae,  x 32,  stereo  pair.  D.  Two  cyclo- 
systems, X 34.5.  E.  Cyclosystem  including  view  of  several  lateral  dactylostyles  in 
upper  dactylotoines,  x 57,  stereo  pair.  F.  Coenosteal  texture,  x 111. 


113 


New  stylasterids  from  Western  Australia 

orange.  The  other  four  colonies  are  uniformly  light  orange  with  darker  cyclo- 
systems. Coenosteum  reticulate-granular,  the  strips  90-100  pm  wide,  covered  with 
small  rounded  granules  about  10  pm  in  diameter.  Every  third  or  fourth  coenosteal 
strip  is  slightly  carinate  for  a distance  of  up  to  1 mm.  Some  isolated  dactylopores 
are  present. 

Cyclosystems  round,  0.70-0.85  mm  in  diameter,  and  exclusively  sympodially 
arranged.  Based  on  50  cyclosystems,  there  is  a range  of  9-16  dactylopores  per 
cyclosystem,  average  = 13.0  (o  = 1.56),  and  mode  of  12  and  13. 

Gastropore  tube  long  and  cylindrical,  the  gastrostyle  occupying  the  lower  half. 
A well-developed,  diffuse  ring  palisade  present  adjacent  to  upper  half  of  gastro- 
style, composed  of  vertically  elongate  elements  up  to  26  idva  tall  and  100  pm  long. 
Illustrated  gastrostyle  similar  to  that  of  S.  rnarshae:  elongate-conical,  0.40  mm  tall, 
and  0.13  mm  in  diameter  (H:W  = 3.0).  Style  highly  ridged,  the  ridges  bearing 
elongate  sharp  spines  up  to  38  pm  long.  Both  pseudosepta  and  dactylotomes 
65-75  pm  wide;  diastemas,  when  present,  two  to  three  times  width  of  pseudo- 
septum.  Dactylostyle  rudimentary,  composed  of  a uniserial  arrangement  of  widely 
spaced  elements  about  30  pm  tall  and  10  pm  in  diameter.  In  addition,  lateral  dac- 
tylostyles  are  present  in  upper  dactylotome  region,  consisting  of  small  elements 
15x15  pm  in  size. 

Female  ampullae  prominent  but  irregularly  shaped  structures  0.65-0.70  mm  in 
diameter.  Irregularity  in  shape  caused  by  a network  of  tall  (0.10  mm)  reticulate 
ridges  that  cover  the  ampullae.  Female  ampullae  often  clustered;  lateral  efferent 
pores  0.11-0.12  mm  in  diameter.  Male  ampullae  unknown. 

Remarks 

The  rose-violet  colour  of  the  colony  bases  is  the  same  as  that  of  closely  adjacent 
encrusting  Lithothamnion  algae.  There  is  a possibility  that  the  rose-violet  proximal 
colouration  may  be  caused  by  an  encrusting  or  boring  alga  of  similar  colour  that 
only  gradually  infiltrates  from  the  colony  base  and  avoids  the  cyclosystem  areas, 
which  woidd  explain  the  observed  colour  pattern. 


Discussion 

Based  on  its  strictly  sympodial  arrangement  of  cyclosystems,  S.  tenisonwoodsi 
belongs  to  Sty  taster  (Group  C)  as  defined  by  Cairns  (1983).  It  is  distinguished 
from  other  species  in  this  group  by  its  carinate  coenosteum  and  female  ampullae, 
and  its  pale  orange  coenosteal  ground  colour  with  darker  pigmentation  around  the 
cyclosystems.  S.  carinatus  Broch,  1936,  from  off  Japan  (64-212  m)  has  a similar 
carinate  coenosteum  and  a similar  range  of  dactylopores  per  cyclosystem  but 
differs  in  having:  cyclosystems  on  all  sides  of  branches  (Group  A),  larger  cyclo- 
systems,  and  very  deep  seated  gastrostyles. 


Etymology  , ■ j u 

This  species  is  named  in  honour  of  Rev.  Julian  Edmund  Temson-Woods,  who 

wrote  over  20  papers  on  the  Tertiary  and  Recent  stony  corals  of  Australia  and 
Tasmania  from  1876-1883. 
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Distribution 

Ashmore  Reef,  WA;  Louisiade  Archipelago,  Papua  New  Guinea;  Philippine 
Islands;  1-90  m. 


Crypthelia  Milne  Edwards  and  Haime,  1849 


Diagnosis 

Gastro-  and  dactylopores  arranged  in  cyclosystcms,  which  usually  occur  on 
anterior  branch  faces.  Cyclosystems  covered  partially  or  entirely  by  one  or  more 
fixed  lids.  Coenosteum  linear-imbricate;  nematopores  common.  Gastropore  tube 
double  chambered;  no  gastro-  or  dactylopores.  Ampullae  usually  superficial  and 
large,  occurring  in  a variety  of  positions  and  with  a variety  of  efferent  pore 
locations.  Type  species:  Crypthelia  pudica  Milne  Edwards  and  Haime,  1849,  by 
monotypy. 


Crypthelia  pudica  Milne  Edwards  and  Haime,  1849 
Figures  1C,  4A-H 

Crypthelia  pudica  Milne  Edwards  and  Haime,  1849:  69  ^Broch  1936:  95-99,  pi.  13,  fig.  39  — 
Boschma  195  7;  36-38  (synonymy)  - Cairns  1983:  493-496,  figs  22A-H. 

Cryptelia  pudica  — Milne  Edwards  and  Haime  1850a;  93,  pi.  3,  fig.  1. 

Cryptohelia  pudica  — PMoseley  1881:  71-76,  82-83  (only  Challenger  sta.  171:  28°33'S,  177° 
50'W,  1097  m). 

Material  examined 

2 9,  WAM  20-85,  Soela  sta.  1-84-52,  15°46.4'S,  120°39.9'E,  446-450  m,  10  February  1984; 
4 d,  WAM  19-85,  1 d,  USNM  79524,  Soela  sta.  1-84-53,  15®48.0'S,  120°41.0'E,  396-400  m, 
10  February  1984;  1 d,  WAM  548-84,  Soela  sta.  1-84-54,  15°51.2'S,  120°44.3'E,  348-350  m, 
10  February  1984;  3 9,  1 d,  WAM  18-85  and  25-85,  1 9,  USNM  79523,  Soela  sta.  1-84-58,  15° 
12.8'S,  121°05.9T,  404-410  m,  11  February  1984;  1 9,  WAM  24-85,  Soela  sta.  1-84-59,  15° 

09.4'S,  121°05.5'E,  448-450  m,  11  February  1984;  1 d,  WAM  26-85,  Soela  sta.  1-84-80,  12° 

48.1'S,  122°56.7'E,  496-504  m,  15  February  1984;  2 d,  WAM  27-85,  Soela  sta.  1-84-81,  12° 

54.4'S,  123°00.7'E,  452-462  m,  15  February  1984;  1 9,  WAM  28-85,  Soela  sta.  1-84-89,  16° 

55. Us,  119°54.6'E,  432-434  m,  18  February  1984;  1 9,  WAM  22-85,  1 9,  USNM  79522, 
Soela  sta.  1-84-102,  16°55.2'S,  119°52.8'E,  430-432  m,  20  February  1984. 

Types 

The  holotype  is  not  present  at  the  MNHNP  or  the  BM,  where  most  of  the  Milne  Edwards 
and  Haime  types  are  deposited,  and  therefore  it  is  assumed  to  be  lost. 

Type  locality 

Philippine  Islands  (restricted  by  Boschma  1957:  37). 

Description 

Largest  Australian  colony  (Soela  sta.  1-84-53,  Figure  1C)  8.3  cm  tall  and 
3.8  cm  wide,  with  a basal  branch  diameter  of  3.2  mm  attached  to  the  silicious 
spicules  of  a hexactinellid  sponge.  Colonies  uniplanar  and  delicate,  but  reinforced 
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Figure  4 Crypthelia  pudica  (A^  WAM  18-85,  female;  B,  D-G,  WAM  19-85,  male;  C,  WAM 
28-85,  female;  H,  WAM  22-85,  female):  A.  Female  cyclosystem  with  three  smooth 
ampullae,  distalmost  ampullae  fused  with  adjacent  cyclosystem,  x 18.7.  B.  Male 
cyclosystem,  x 25.  C.  Coenosteal  texture,  x 250.  D.  Longitudinal  fracture  of 
cyclosystem  revealing  upper  and  lower  gastropore  chambers,  x 65,  D,  E.  Longi- 
tudinal fracture  of  male  cyclosystem  revealing  gastropore  chambers  and  several 
male  efferent  pores  beneath  lid,  x 29.3,  x 27.1,  respectively,  E.  a stereo  pair. 
G.  Three  pseudosepta,  x 109.  H.  Side  view  of  female  cyclosystem  with  spiny 
ampulla,  x 31 . 


116 


Stephen  D.  Caims 


with  frequent  branch  anastomoses.  Coenosteum  white  and  linear-imbricate  in 
texture.  Coenosteal  strips  flat  to  slightly  convex,  60-80  iim  wide,  with  about  65 
broad  platelet  edges  per  mm  (Figure  4C).  Irregularly  shaped  unelevated  nemato- 
pores  (papillae)  30-35  ^(m  in  diameter  scattered  over  coenosteum.  Elevated  papillae, 
up  to  70  /zm  tall,  common  on  ampullae  and  lid  edges. 

Cyclosystems  round  to  slightly  elliptical,  1.1-1. 5 x 1.2-1. 6 mm  in  diameter. 
Cyclosystems  only  slightly  flared.  Based  on  51  cyclosystems,  there  is  a range  of 
13-20  dactylopores  per  cyclosystem,  average  = 17.20  (a  = 2.43),  and  mode  ot  17. 

Large  upper  gastropore  chamber  about  0.45  mm  in  diameter;  aperture  (gas- 
topore  ring  constriction)  to  lower  flattened  chamber  about  0.40  mm  in  diameter; 
lower  chamber  about  0.53  mm  in  diameter.  Circular  coenosteal  strips  present  in 
upper  gastropore  chamber.  Inner  edges  of  gastropore  ring  constriction  highly 
serrate.  Concave  base  of  lower  chamber  spinose.  Lid  100-150  per  cent  size  of 
cyclosystem;  horizontal  in  females,  inclined  upward  in  males.  Pseudosepta  about 
0.13  mm  wide,  not  concave  but  very  porous;  dactylotomes  85-91  iim  wide. 

Female  ampullae  massive,  1. 0-1.1  mm  in  diameter,  usually  confined  to  the 
cyclosystem  lid  but  occasionally  with  one  or  two  ampullae  in  cyclosystem  wall 
adjacent  to  lid.  Often  more  than  one  and  up  to  four  ampullae  present  per  cyclo- 
system, arranged  in  a linear  or  triangular  fashion.  If  linearly  arranged,  the  distal- 
most  ampulla  often  merges  with  the  ampulla  of  the  adjacent  cyclosystem  lid 
(Figure  4A).  Female  ampullae  variable  in  ornamentation:  those  of  some  colonies 
are  smooth  with  few  papillae  (Figure  4A),  whereas  others  are  very  irregular  in 
shape,  with  tall  papillae  (Figure  4H).  Efferent  pores  round,  0.17-0,19  mm  in 
diameter,  opening  beneath  lid.  Male  ampullae  smaller  (0.55-0.60  mm  in  diameter) 
and  usually  clustered  two  to  seven  per  cyclosystem  lid.  Occasionally,  especially 
near  incipient  cyclosystem  anastomosis,  ampullae  also  present  in  cyclosystem  wall 
adjacent  to  fusion.  Male  ampullae  usually  studded  with  prominent  papillae. 
Efferent  pores  irregular  in  shape,  65-80  jum  in  diameter,  opening  beneath  cyclo- 
system lid.  Efferent  pores  of  those  ampullae  located  in  cyclosystem  wall  open 
apically  near  the  outer  edge  of  the  pseudosepta  but  outside  the  cyclosystem 
proper.  Ampullar  formula  predominantly  A-A2  (Cairns  1986b). 

Discussion 

Crypthelia  piidica  is  the  type  species  of  the  genus,  but  is  poorly  known  and  the 
type  specimen  is  lost.  The  18  colonies  collected  off  Western  Australia  afforded  an 
excellent  opportunity  to  describe  and  figure  more  of  the  variation  within  the 
species.  The  Western  Australian  specimens  are  very  similar  to  those  colonies  des- 
cribed by  Fisher  (1938)  and  Cairns  (1983)  from  the  Philippine  Islands  (type 
locality),  except  that  the  Australian  female  colonies  have  multiple  ampullae  per 
lid,  which  is  assumed  to  be  within  the  range  of  variation  of  this  species. 

The  28  species  of  Crypthelia  can  be  grouped  by  their  ampullar  formula,  a set  of 
characters  derived  by  Cairns  (1986b).  For  instance,  only  two  of  the  28  species 
of  Crypthelia  have  the  A-A2  formula:  C.  pudica  and  C trophostega  Fisher,  1938. 
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C.  pudica  is  easily  distinguished  from  C.  trophostega,  known  only  from  off  the 
Aleutian  Islands  from  about  500  m,  by  its  smaller  cyclosystems,  smaller  nemato- 
pores,  and  strictly  unifacial  cyclosystem  arrangement. 

Distribution 

Philippine  Islands  (549-1633  m);  ?Kermadec  Islands  (Moseley  1881);  on  the 
continental  slope  off  north-western  Western  Australia  from  south  of  Ashmore 
Reef  to  west  of  Lacepede  Islands  (348-504  m),  all  collected  by  an  Engel  trawl  on 
a soft  bottom. 
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The  Diplodactylus  ciliaris  complex 
(Lacertilia:  Gekkonidae)  in  Western  Australia 

G.M.  Storr* 

Abstract 

In  Western  Australia  the  Diplodactylus  ciliaris  complex,  i.e.  D.  ciliaris  sensu  Kluge, 
consists  of  five  taxa,  namely  from  north  to  south  D.  ciliaris  ciliaris  Boulenger,  D. 
ciliaris  aberrans  Glauert,  D.  wellingtonae  sp.  nov.,  D.  assimilis  sp.  nov.  and  D. 
intermedins  Ogilby. 


Introduction 

In  his  monograph  of  the  genus  Diplodactylus,  Kluge  (1967)  was  sorely  hampered 
by  paucity  of  material  when  studying  its  widest  spread  and  most  variable  ‘species’, 
D,  ciliaris.  He  divided  it  into  two  subspecies,  D.  c.  ciliaris  and  D.  c.  intermedins; 
the  first  was  further  divided  into  eight  populations  (three  in  Western  Australia). 
Additionally  he  classified  certain  specimens  as  hybrids  between  D.  c.  ciliaris 
and  D.  c.  intermedins. 

Kluge’s  five  formal  and  informal  units  in  Western  Australia  are  essentially  the 
same  as  the  five  taxa  recognised  by  me:  his  ‘jD.  c.  ciliaris  population  1’  = my 
D.  c.  ciliaris;  ‘jD.  c.  ciliaris  population  5’  = Z).  c.  aberrans;  ‘Z).  c,  ciliaris  population 
8’  =Z).  wellingtonae;  D.  c.  ciliaris  population  8 xD.  c.  intermedins^  = D.  assimilis; 
and  D.  c.  intermedins^  = D.  intermedins.  Only  two  specimens  do  not  conform 
to  these  equations:  R15137  from  dunes  south  of  Waurburton  was  placed  by  Kluge 
in  ‘‘D.  c.  ciliaris  population  3’,  by  me  in  D.  c.  aberrans;  and  R15123  from  Queen 
Victoria  Spring  was  placed  by  Kluge  in  D.  c.  intermedins  \ by  me  in  D.  assimilis. 

This  revision  is  based  on  material  in  the  Western  Australian  Museum  (R  prefixes 
usually  omitted  from  catalogue  numbers)  and  on  colour  slides  kindly  loaned  by 
G.  Harold,  R.E.  Johnstone,  G.  Shea  and  M.  Peterson. 


Diplodactylus  ciliaris  ciliaris  Boulenger 

Diplodactylus  ciliaris  Boulenger  (1885:  98;  PL  8,  Fig.  2).  Port  Darwin,  NT. 

Diagnosis 

A large  member  of  the  complex  (total  length  up  to  138  mm)  with  long  spines 
above  eye  and  on  tail.  Differing  from  D.  c.  aberrans  mainly  in  small  non-spinose 
scales  on  top  and  side  of  tail  being  granular  rather  than  tubercular. 


* c/o  Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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Description 

Snout-vent  length  (mm):  35-86  (N  83,  mean  66.8).  Length  ol  tail  {%SVL): 
53-74  (N  55,  mean  63.9). 

Nostril  surrounded  by  rostral  (median  groove  almost  invariably  complete),  two 
supranasals  (anterior  larger),  one  postnasal  (occasionally  two,  rarely  three)  and 
first  labial.  Internasals  0-3  (N  61,  mean  1.2).  Upper  labials  11-16  (N  57,  mean 
13.4),  8-12  (mean  9.9)  to  middle  of  eye.  Under  side  of  digits  with  pair  of  large 
apical  plates,  followed  on  fourth  toe  distally  by  4-7  (N  47,  mean  4.3)  transverse 
lamellae  and  proximally  by  1-4  (mean  2.4)  pairs  of  elliptic  or  circular  scales.  Pre- 
anal  pores  in  males,  3-10  on  each  side. 

Usually  two  long  black  spines  above  eye,  posterior  longer  (occasionally  three 
or  four  and  dark  brown,  rarely  pale).  Usually  two  short,  pale  or  partly  pale  spines 
behind  eye.  Dorsal  tubercles  usually  without  regular  arrangement,  usually  low 
(occasionally  high),  and  orange,  brown  or  black.  Two  rows  of  long  (occasionally 
medium)  spines  on  tail,  mostly  orange  but  commonly  black. 

Upper  and  lateral  surfaces  blackish  grey  or  dark  brownish  grey,  so  patterned 
as  to  leave  a vague,  pale  grey  loreotemperal  stripe  and  an  upper  lateral  series  of 
4-7  large,  pale  grey,  rounded  quadrilateral  blotches  on  neck  and  body.  Iris  greyish 
white  with  a fine  black  anastomosis  or  reticulum,  except  for  orange  periphery. 
Mouth  orange  or  yellow. 

Distribution 

Far  north  and  north-east  of  Western  Australia  (south  and  west  to  Beverley 
Springs,  Tableland,  Carranya,  Lake  Gregory  and  far  north  of  Tanami  Desert) 
and  northern  half  of  Northern  Territory  (south  to  65  km  S Tennant  Creek).  See 
map.  Figure  1. 

Geographic  variation 

The  above  colour  description  applies  to  specimens  from  Western  Australia 
and  the  arid  interior  of  Northern  Territory.  In  the  far  north  of  Northern  Territory 
(south  to  Dunmara)  the  upper  and  lateral  surfaces  are  more  brownish,  the  upper 
lateral  blotches  tend  to  be  replaced  by  clusters  of  white  dots,  the  top  of  head  and 
tail  and  sometimes  the  back,  elbows  and  knees  are  marked  with  reddish  brown  or 
orange -red,  and  the  iris  is  brownish  orange  dotted  with  whitish  except  for  narrow 
white  margin  to  pupil  and  whitish  periphery. 

Material 

Kimberley  Division  (WA) 

Parry  Harbour  (40742);  Kalumburu  (70119);  Drysdale  River  National  Park  (50301-11, 
50328,  50395-7,  50399,  50411-2,  50461-2,  50551-2,  50764-5,  50770,  50798);  Mitchell  Plateau 
(43148,  43513,  56305,  58320);  5 km  NW  Noachitty  Rapids,  Morgan  River  (57154);  King 
Edward  River  crossing.  Port  Warrender  track  (56432);  Mitchell  Plateau  (43148,  43513,  56305, 
58320);  17  km  ESE  Kuri  Bay  (40396-7);  Gibb  River  crossing,  47  km  N Gibb  River  HS  (57128- 
32);  15  km  NNE  Kununurra  (87224)  and  19  km  ESE  (87358)  and  33  km  SE  (87128)  and 
27  km  S (70086);  7 km  E Mt  Rob  (83360);  3 km  E Ord  River  dam  (39997);  13  km  NNW  Mt 
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Figure  1 Map  of  Western  Australia  showing  location  of  specimens  of  Diplodactylus  ciliaris 
ciliaris,  D.  c.  aberrans,  D.  wellingtonae,  D.  assimilis  and  D.  intermedius. 
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Evelyn  (70959);  12  km  NW  (new)  Lissadell  (71102);  Manning  River,  Mt  Barnett  (32305); 
Beverley  Springs  (56925);  20  km  ENE  Tableland  HS  (58618-20);  2 km  E Wolf  Creek  Meteorite 
Crater  (64038-9);  9 km  SSW  Carranya  (58667-9). 

Eastern  Division  (IVA) 

33  km  SE  Billiluna  (83530)  and  42  km  ESE  (83527-8);  Bungabiddy  Well  (64057-8);  near 
Lake  Gregory  HS  (63305-7);  36  km  SE  McGuire  Gap  (63272-3). 

Northern  Territory 

47  km  NW  Pine  Creek  (23220);  near  Katherine  (55864,  74018);  Dunmara  (85128-9);  Barry 
Caves  (55471)  and  71  km  W (55441);  16  km  E Tennant  Creek  (24242)  and  65  km  S (21388- 
92). 


Diplodactylus  ciliaris  aberrans  Glauert 

Figure  2 

Diplodactylus  spinigerus  aberrans  Glauert  (1952:  167).  Mt  Wynne,  WA. 

Diagnosis 

A large  member  of  the  complex  (total  length  up  to  149  mm)  with  long  spines 
above  eye  and  on  tail.  Differing  from  D.  c.  ciliaris  mainly  in  non-spinose  scales 
on  top  and  side  of  tail  being  tubercular  rather  than  granular,  and  in  caudal  spines 
and  dorsal  tubercles  being  more  frequently  black  than  orange. 

Description 

Snout-vent  length  (mm):  29-89  (N  253,  mean  70.3).  Length  of  tail  (%SVL): 
54-79  (N  184,  mean  66.0). 

Nostral  surrounded  by  rostral  (median  groove  complete),  two  supranasals 
(anterior  larger),  one  postnasal  (rarely  two)  and  first  labial.  Internasals  0-3  (N  70, 


Figure  2 A Diplodactylus  ciliaris  aberrans  from  Anna  Plains  photographed  by  G.  Harold. 
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mean  1.1).  Upper  labials  11-16  (N  68,  mean  13.4),  8-12  (mean  10.2)  to  middle 
of  eye.  Under  side  of  digits  with  pair  of  large  apical  plates,  followed  on  fourth  toe 
distally  by  3-6  transverse  lamellae  (N  42,  mean  3.91  and  proximally  by  0-4  (mean 
2.3)  pairs  of  elliptic  or  circular  scales  . Pre-anal  pores  in  males,  2-9  on  each  side. 

Usually  two  long  black  spines  above  eye,  posterior  longer  (occasionally  one, 
three  or  four,  and  rarely  dark  or  pale  brown).  Usually  two  short  pale  or  partly 
pale  spines  behind  eye  (occasionally  black  or  dark  brown).  Dorsal  tubercles 
(when  present)  not  arranged  in  regular  pattern,  usually  low  (occasionally  high), 
and  mostly  black  but  commonly  pale  or  dark  brown.  Two  rows  of  medium  to 
long  spines  on  tail,  mostly  black  but  commonly  wholly  or  partly  orange -brown  or 
pale  brown.  Non-spinose  scales  on  top  and  side  of  tail  black  or  pale,  low  to 
moderately  high  tubercles. 

Upper  and  lateral  surfaces  pale  grey  to  blackish  grey,  so  patterned  as  to  leave  a 
pale  grey  loreotemporal  stripe  and  3-5  large  pale  blotches  on  side  of  neck  and 
body.  Iris  white  or  greyish  white  with  a black  or  greyish  black  reticulum  or  anas- 
tomosis except  for  orange-brown  periphery.  Mouth  orange-yellow  or  mustard- 
yellow. 

Distribution 

Arid  and  semiarid  Western  Australia  from  west  Kimberley  south  along  the 
coast  to  the  Cape  Range  and  in  the  interior  through  the  Great  Sandy,  Little 
Sandy,  Gibson  and  Great  Victoria  Deserts  to  Lake  Yeo.  In  the  far  north-east 
(at  Christmas  Creek  and  south  of  Gregory  Salt  Lake)  it  intergrades  with  D.  c. 
ciliaris.  See  map,  Figure  1. 

Material 

Kimberley  Division  (WA) 

Point  Torment  (58561-4,  58567,  58572,  60836);  Lombadina  Creek  (58428);  Pender  Bay 
(58384);  Beagle  Bay  (56445);  Cape  Bertholet  (58400,  58449);  near  Coulomb  Point  (58417-23, 
60860,  60888,  83361-2,  83522-6);  33  km  E Kilto  (87025);  13  km  NE  Roebuck  Plains  (87047) 
and  11  km  NW  (87050);  Broome  (14092,  83529,  87019,  94586,  95556-7);  Mt  Anderson 
(11601,  32174);  Mt  Wynne  (2803,  holotype) ; Christmas  Creek  (26030);  Edgar  Ranges  (53888- 
91,  53902-3,  53941-5,  53951-5,  53958,  53978-9,  53982-5,  53996-7,  54002,  54006,  54032, 
54072,  54081-9);  La  Grange  (3442,  4292,  82709-10)  and  16  km  S (27400-1);  Frazier  Downs 
(28420);  Anna  Plains  (58940)  and  12  km  E (60174-6)  and  14  km  SSE  (79031);  McLarty  Hills 
(57269,  57301, 75812)  and  25  km  NE  (46050). 

North-west  Division  (WA) 

31  km  SSW  Anna  Plains  (75144);  Mandora  Creek  (63219-20,  73023-8);  Sandfire  (87015); 
Wallal  (1003);  34  km  NE  Bulgamulgardy  Soak  (63191-208,  74816-23);  51  km  N Shay  Gap 
(73011);  29  km  NE  Callawa  (63175);  Cape  Lambert  (68294,  68296);  Dampier  (68998);  Hooley 
(10856);  Vlaming  Head  (14146);  Yardie  (15215);  Exmouth  (25584,  52998,  80821)  and  6 km 
S (74945,  78896,  81329);  Cape  Range  (25099);  Mandu  Mandu  Creek  (82527);  Yardie  Creek 
(61096,  61168-70.  61412,  61473,  61480-1,  61487);  40  km  NE  Ningaloo  (21766). 

Eastern  Division  (V^A) 

Dragon  Tree  Soak  (75805,  81657);  34  km  S Boundary  Hill  (63258-9);  near  Joanna  Spring 
(73806-7,  75753,  75759,  75773);  Anketell  Ridge  (69521);  190  km  ESE  Mandora  (57280); 
Breaden  Pool  (64113);  32  km  S Balgo  (47680);  28  km  E Bishops  Dell  (69904,  69915);  35  km 
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SW  McTavish  Claypan  (64275);  4 km  NW  Gravity  Lakes  (64146);  north-west  end  Stansmore 
Range  (57046);  29  km  W Thompson  Hills  (94958-60,  94983);  50  km  N Wilson  Cliffs  (57051); 
near  Well  40,  Canning  Stock  Route  (63449-50,  64152);  Well  39,  C.S.R.  (3975,  63517-20, 
64159,  64218);  16  km  S Well  38,  C.S.R.  (40939);  11  km  NNW  Well  37,  C.S.R.  (63555); 
Well  35,  C.S.R.  (63559-61);  80  km  S Teller  (94762-3);  29  km  S Nooloo  Soak  (64016-7)  and 
31  km  SSE  (63743);  75  km  W Well  23,  C.S.R.  (40165);  Well  24,  C.S.R.  (27026);  Mt  Webb 
(57069);  Durba  Hills  (40326-7);  83  km  S Killagurrra  Spring  (51952-3);  13  km  S Warburton 
(15137);  Winduldarra  Rockhole  (48642,  48644);  12  km  SW  Terhan  Rockhole  (34313);  Point 
Sunday  (53581)  and  8 km  E (53576-7);  Point  Salvation  (82166-208). 

Diplodactylus  wellingtonae  sp.  nov. 

figure  3 

Holotype 

R15218  in  Western  Australian  Museum,  collected  by  G.M.  Storr  on  23  August  1961  at 
40  km  NE  Laverton,  WA,  in  28°23'S,  122°35'E. 

Paratypes 

For  details  of  61  specimens  see  Material. 

Diagnosis 

A large,  long-tailed  member  of  the  complex  (total  length  up  to  145  mm)  with 
long  spines  above  eye  and  on  tail.  Differing  from  D.  ciliaris  ciliaris  and  D.  c. 
aberrans  in  dorsal  tubercles  being  arranged  in  two  parallel  rows  (rather  than 
scattered  over  back),  all  spines  and  tubercles  being  orange  or  brown  (never  black) 
and  mouth  being  bluish  (not  yellowish). 

Description 

Snout-vent  length  (mm);  49-85  (N  62,  mean  68.2).  Length  of  tail  (%SVX): 
59-80  (N  44,  mean  69.0). 

Nostril  surrounded  by  rostral  (median  groove  almost  invariably  complete),  two 
supranasals  (anterior  much  the  larger),  one  postnasal  (occasionally  two)  and  first 
upper  labial.  Internasals  0-3  (N  42,  mean  1.4).  Upper  labials  10-15  (N  41,  mean 
13.0),  8-12  (mean  9.9)  to  middle  of  eye.  Under  side  of  digits  with  pair  of  large 
apical  plates,  followed  on  fourth  toe  distally  by  3-5  (N  31,  mean  4.2)  transverse 
lamellae  and  proximally  by  1-3  (mean  2.2)  pairs  of  elliptic  or  circular  scales. 
Pre-anal  pores  in  males,  3-9  on  each  side. 

Usually  two  medium  to  long,  brown  spines  above  eye,  posterior  longer  (occa- 
sionally three,  four  or  five).  Usually  two  (rarely  three)  pale  or  dark  brown  spines 
behind  eye.  Dorsal  tubercles  almost  always  arranged  in  two  parallel  rows  (occa- 
sionally absent  anteriorly,  very  rarely  absent  posteriorly),  low  to  high,  and  orange 
(occasionally  brown  or  whitish).  Two  (very  rarely  four  or  six)  rows  of  medium  to 
long  spines  on  tail,  usually  orange.  Non-spinose  scales  on  top  and  side  of  tail 
small  and  granular. 

Upper  and  lateral  surfaces  pale  grey  to  dark  grey,  usually  so  patterned  as  to 
leave  a pale  grey  loreotemporal  stripe  and  5-8  pale  grey,  roughly  quadrilateral 
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Figure  3 A Diplodactylus  wellingtonae  from  Millbillillie  photographed  by  G.  Harold. 
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blotches  on  side  of  neck  and  body  (pale  markings  sometimes  confluent  and 
edged  with  black).  Iris  greyish  white  with  a black  reticulum  or  anastomosis, 
except  for  maroon  periphery.  Mouth  dark  blue  or  blue-black. 

Distribution 

Arid  western  plateau  of  Western  Australia  from  the  Pilbara  south-southeast 
to  Menzies.  See  map,  Figure  1. 

Derivation  of  name 

After  Mrs  Betty  D.  Wellington  of  Mt  Helena  in  recognition  of  her  services  to 
Western  Australian  natural  history. 

Material 

North-west  Division  (WA) 

15  km  S Hooley  (74869,  74871);  2 km  W Hamersley  HS  (74926);  Marandoo  (69788); 
61  km  NW  Prairie  Downs  (61788);  31-35  km  SW  Mt  Meharry  (66315-6);  Opththalmia  Range 
(54231);  10  km  NE  Mt  Newman  (51621);  2 km  S Capricorn  Roadhouse  (81320);  10  km  S 
Turee  Creek  (83730);  Mt  Augustus  (52883,  52889);  Glenburgh  (28954);  Meekatharra  district 
(22709);  32  km  SSW  Paroo  (84377);  Gabanintha  (5194);  Quinns  (328-9);  Nallan  (15216); 
Austin  Downs  (8963);  Cue  district  (735-6);  23  km  SSW  Anketell  (84434). 

Eastern  Division  (WA) 

Carnarvon  Range  (51920-1);  Canning  Gap  (36714);  Lorna  Glen  (94713);  26  km  W Prenti 
Downs  (87491);  20  km  E Millbillillie  (87484-6);  Wiluna  (29638)  and  57  km  E (21112);  3 km 
E White  Well  (87463);  Wonganoo  (60520);  near  Albion  Downs  (30973);  21  km  SE  Mt  Keith 
(62785-8);  Kathleen  Valley  (19769,  27216);  20  km  NNW  Mt  Windarra  (70850);  Laverton 
(142,  11565)  and  40  km  NE  (15219)  and  12  km  S (56005-6);  Leonora  (10019)  and  27  km  S 
(95548)  and  40  km  S (86638) and  48  km  S (15217, 86640);  Mt  Linden (65871,  65997,  72762) 
and  8 km  SSE  (72895);  4 km  N Jeedamya  HS  (95544);  7 km  N Menzies  (95551);  12  km  NE 
Comet  Vale  (65819)  and  14  km  ENE  (65778). 


Diplodactylus  assimilis  sp.  nov. 

Figure  4 


Holotype 

R72164  in  Western  Australian  Museum,  collected  by  J.  Dell  on  22  April  1980  at  15  km  NE 
Bungalbin  Hill,  WA,  in  30°18'S,  119°44^E. 

Paratypes 

For  details  of  67  specimens  see  under  Material. 

Diagnosis 

A small  member  of  the  complex  (total  length  up  to  128  mm  long),  very  like 
D.  intermedins  but  larger  and  having  a relatively  longer  tail,  fewer  internasals 
(mode  1,  V.  3)  and  dorsal  tubercles  arranged  in  two  wavy  or  discontinuous  rows 
(not  two  continuous  parallel  rows).  Distinguishable  from  D.  wellingtonae,  D. 
ciliaris  ciliaris  and  D.  c.  aberrans  by  much  shorter  spines  above  eye  and  on  tail. 
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Description 

Snout -vent  length  (mm):  26-78  (N  67,  mean  58.1).  Length  of  tail  (%SVL): 
55-73  (N  52,  mean  64.3). 

Nostril  surrounded  by  rostral  (median  groove  almost  invariably  complete),  two 
supranasals  (rarely  three,  anterior  usually  larger),  one  postnasal  (occasionally  two) 
and  first  labial.  Intemasals  0-3  (N  60,  mean  1.3).  Upper  labials  10-16  (N  65,  mean 
12.6),  7-14  (mean  9.8)  to  middle  of  eye.  Under  side  of  digits  with  pair  of  large 
apical  plates,  followed  on  fourth  toe  distally  by  3-7  (N  54,  mean  4.4)  transverse 
lamellae  and  proximally  by  1-5  (mean  2.2)  pairs  of  elliptic  or  circular  scales.  Pre- 
anal  pores  in  males,  2-10  on  each  side. 

Spines  above  eye  0-7,  very  to  moderately  short,  usually  dark  (occasionally  pale 
or  partly  pale).  Usually  one  or  two  spines  (occasionally  none)  behind  eye,  short 
and  usually  dark.  Dorsal  tubercles  usually  large  and  high,  mostly  orange  or  orange- 
brown,  all  or  the  largest  arranged  on  each  side  in  a deeply  wavy  line  or  a dis- 
continuous line  (groups  of  2-4  tubercles  on  outer  part  of  waves,  those  on  inner 
part  missing).  Caudal  spines  {recte  tubercles)  very  to  moderately  short,  triangular, 
orange  or  orange -brown,  usually  arranged  in  whorls,  the  largest  tubercles  aligning 
in  two  laterodorsal  rows. 

Upper  and  lateral  surfaces  medium  to  dark  grey,  so  patterned  as  to  leave  a 
pale  grey  loreotemporal  stripe  and  5-8  large,  pale  grey  blotches  on  side  of  neck 
and  body  (pale  grey  markings  usually  dark-edged,  and  lateral  blotches  usually 


Figure  4 A Diplodactylus  assimilis  from  Laverton  photographed  by  G.  Harold. 
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confluent).  Iris  greyish  white  with  black  anastomosis,  except  for  narrow  black 
peripheral  ring.  Mouth  blue-black. 

Distribution 

Arid  and  semiarid  southern  interior  of  Western  Australia  from  Yalgoo  and 
White  Cliffs  south  to  Paynes  Find,  Jilbadji  Nature  Reserve  (Boodarding  Rock) 
and  Norseman,  and  east  to  Queen  Victoria  Spring,  17  km  E Zanthus  and  Heart- 
break Ridge.  See  map.  Figure  1. 

Remarks 

The  so-called  hybrid  ^Diplodactylus  c.  ciliaris  x D.  c,  intermedius'  of  Kluge 
(1976:  1073)  belong  here.  In  many  respects  (colouration,  size,  relative  length 
of  tail  and  number  of  upper  labials  and  subdigital  lamellae)  D,  assimilis  is  inter- 
mediate between  D.  wellingtonae  and  D.  intermedius.  However,  D,  wellingtonae 
is  now  partly  sympatric  with  D.  assimilis.  Moreover,  in  the  less  regular  arrange- 
ment of  the  dorsal  tubercles  and  in  the  colour  of  the  iris,  D.  assimilis  differs  from 
both  D.  wellingtonae  and  D.  intermedins. 

Derivation  of  name 

Latin  for  similar  (to  the  closely  related  D.  intermedins). 

Material 

North-west  Division  fWA ) 

Yalgoo  (75576);  Mt  Kenneth  (49283);  Paynes  Find  (60922-3). 

Eastern  Divisioyi  (WA) 

White  aiffs  (20651-4,  53335,  56011,  85442-4);  Laverton  (1304);  Yuinmery  (69068-70); 
28  km  S Leonora  (86639)  and  50  km  S (86641);  17  km  N Jeedamya  (95545-6);  10  km  SW 
Kookynie  (53290);  Comet  Vale  (95549)  and  4 km  N (95550);  10  km  ESE  Mt  Manning  Range 
(78694);  Queen  Victoria  Spring  (15213,  48657-8);  4 km  NNE  Mt  Jackson  (76034-5,  76044-7); 
15  km  NE  Bungalbin  Hill  (67174,  72165-70,  72213,  76141,  76195,  76218-9,  76226-7)  and 
20  km  NE  (67184)  and  16  km  NE  (67109)  and  12  km  NE  (67122,  67124,  72112);  10  km 
NW  Kalgoorlie  (30040);  17  km  E Zanthus  (15214);  Cowarna  Downs  (14211);  25  km  E Yellow- 
dine  (61322);  Karalee  (30851-2);  21  km  S Woolgangie  (78724);  Boodarding  Rock  (78765, 
78776);  32  km  N Heartbreak  Ridge  (74502)  and  18  km  N (72362). 

Eucla  Division  {V\IA) 

1 km  NE  Norseman  (94595). 


Diplodactylus  intermedins  Ogilby 

Figure  5 

Diplodactylus  intermedins  Ogilby  (1892;  10).  Interior  of  New  South  Wales. 

Diagnosis 

A very  small,  short-tailed  member  of  the  complex  (total  length  up  to  92  mm 
long),  very  like  D.  assimilis  but  smaller  and  having  a relatively  shorter  tail,  more 
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internasals  (mode  3,  v.  1),  and  dorsal  tubercles  arranged  in  two  continuous  parallel 
rows.  Distinguishable  from  D.  wellingtonae,  D,  ciliaris  aberrans  and  Z).  c.  ciliaris 
by  much  shorter  spines  above  eye  and  on  tail. 

Description 

Snout-vent  length  (mm):  41-58  (N  19,  mean  50.2).  Length  of  tail  (%SVL): 
58-66  (N  15,  mean  60.9). 

Nostril  surrounded  by  rostral  (median  groove  complete),  two  (rarely  three) 
supranasals  (anterior  larger),  one  postnasal  (rarely  two)  and  first  labial.  Inter- 
nasals 1-3  (N  17,  mean  2.7).  Upper  labials  10-14  (N  19,  mean  11.5),  7-11  (mean 
9.0)  to  middle  of  eye.  Under  side  of  digits  with  pair  of  large  apical  plates,  followed 
on  fourth  toe  distally  by  4-7  (N  16,  mean  5.0)  transverse  lamellae  and  proximally 
by  1-3  (mean  2.0)  pairs  of  elliptic  or  circular  scales.  Pre-anal  pores  in  males, 
3-7  on  each  side. 

Spines  above  eye  0-5,  very  short  and  dark  (rarely  partly  pale).  One  spine  behind 
eye  (rarely  two),  very  short  and  usually  dark.  Dorsal  tubercles  usually  large,  high, 
orange -brown  and  closely  spaced  in  two  continuous  parallel  lines.  Caudal  spines 
(recte  tubercles)  very  short,  triangular,  orange -brown  or  pale  brown,  arranged  in 
whorls,  the  largest  tubercles  aligning  in  two  laterodorsal  rows. 


Figure  5 A Diplodactylus  •ntermedius  from  Caiguna  photographed  by  G.  Harold. 
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Upper  and  lateral  surfaces  medium  to  dark  grey,  so  patterned  as  to  leave  a 
wavy,  black-edged,  pale  grey,  upper  lateral  stripe  on  head,  neck,  body  and  tail. 
Iris  greyish  white  with  a black  anastomosis,  except  for  maroon  peripheral  ring. 
Mouth  blue-black. 

Distribution 

Arid  and  semiarid  south-eastern  interior  of  Western  Australia,  west  to  the 
Fraser  Range.  Also  southern  South  Australia,  interior  of  New  South  Wales  and 
north-western  Victoria.  See  map,  Figure  1. 

Material 

North-west  Division  {WAJ 

Kanandah  (39710);  11  km  ENE  Buningonia  Spring  (74530)  and  6 km  SE  (72545). 

Eucla  Division  (WA) 

Near  Haig  (91350,  91817);  55  km  S Loongana  (91554-5);  15  km  E Kilidwerinia  Granite 
Rock  (91351)  and  5 km  ESE  (19349);  Fraser  Range  (72428);  18  km  E Boingaring  Rocks 
(57929);  17  km  N Charlina  Rock  (59852);  Coragina  Rock  (59743). 


Discussion 

To  a large  extent  the  members  of  the  Diplodactylus  ciliaris  complex  geographically 
replace  each  other  in  Western  Australia.  Certain  of  my  assessments  of  their 
taxonomic  status  are  therefore  subjective  and  require  explanation. 

Diplodactylus  c.  ciliaris  occurs  mainly  in  the  eucalypt  woodlands  of  the  northern 
subhumid  and  semiarid  zones.  D.  c.  aberrans  is  essentially  an  inhabitant  of  wattles 
and  other  shrubby  acacias  growing  on  red  sands  in  the  arid  zone.  The  extension  of 
this  soil  type  to  the  pindan  country  of  Dampier  Land  and  the  opposite  shore  of 
King  Sound  has  enabled  D.  c.  abetrans  (and  other  desert  reptiles)  to  occupy  part 
of  semiarid  west  Kimberley.  Neverthless  there  is  still  a considerable  geographic 
gap  between  the  two  subspecies  in  this  region  (the  King  Leopold  Ranges  and  the 
sparsely  wooded  grassy  plains  to  their  south-west  are  evidently  unsuitable  for  D. 
ciliaris).  In  the  absence  of  gene  flow  the  two  subspecies  are  sharply  differentiated 
in  the  west. 

In  the  arid  north-eastern  interior  of  Western  Australia  D.  c.  ciliaris  has  spread 
southwards  into  the  northern  sector  of  the  Tanami  Desert  and  has  made  contact 
with  D.  c.  aberrans.  Gene  flow  between  the  two  taxa  south  and  west  of  Gregory 
Salt  Lake  has  so  blurred  the  boundary  between  them  that  their  conspecificity 
cannot  be  questioned. 

Diplodactylus  wellingtonae,  an  inhabitant  of  mulga  Acacia  aneura  scrubs  on 
the  heavy  soils  of  the  Precambrian  Shield,  extends  north  to  the  southern  Pilbara. 
Here  it  is  surrounded  by  D.  c.  aberrans  in  the  sandy  lowlands  to  its  north-west, 
north  and  east.  Despite  this  parapatry  (and  possible  sympatry  on  Hooley  Station) 
there  is  no  evidence  for  introgression  between  them.  Indeed  they  are  so  different, 
it  would  be  difficult  to  postulate  that  one  of  them  evolved  from  the  other.  I 
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therefore  agree  with  Kluge  (1967:  1070)  that  D.  wellingtonae  is  probably  derived 
from  the  Central  Australian  ‘populations  2 and  3’.  However,  it  is  now  marooned 
on  the  western  plateau  of  Western  Australia  and  is  separated  from  Central  Australia 
by  the  desert  populations  of  D.  c.  aberrans. 

Diplodactylus  wellingtonae  extends  south  to  the  mulga-eucalypt  line.  In  the 
far  south-east  of  its  range  it  overlaps  without  hybridising  with  D.  assimilis.  This  is 
the  only  (or  only  extensive)  instance  of  sympatry  between  two  members  of  the 
complex  in  Western  Australia.  This  sympatry  seems  to  have  been  achieved  without 
ecological  differentiation.  At  any  rate,  several  of  the  D.  assimilis  collected  in  the 
zone  of  overlap  came  from  mulga  scrubs  that  appeared  just  as  suitable  for  D. 
wellingtonae. 

Diplodactylus  assimilis  is  an  ecologically  flexible  species,  occupying  a wide 
variety  of  habitats  north  and  south  of  the  mulga-eucalypt  line.  Although  allo- 
patric  to  D.  intermedins,  and  not  very  different  morphologically,  D.  assimilis 
is  treated  as  a full  species,  because  there  is  no  indication  of  gene  flow  between 
the  two,  despite  their  geographic  proximity.  At  17  km  east  of  Zanthus,  only 
40  km  separate  D.  assimilis  from  a D.  intermedins  locality  (11  km  ENE  Bunin- 
gonia  Spring). 
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A new  Rhinoplocephalus  (Serpentes:  Elapidae) 
from  Western  Australia 

G.M.  Storr* 

Storr  et  al.  (1986:  104)  mentioned  that  two  snakes  from  Scaddan  (430  km  SW  of 
the  rest  of  the  species’  range)  possibly  represented  a third  subspecies  of  Rhinop- 
locephalus  spectabilis.  An  additional  two  specimens  have  confirmed  the  distinct- 
ness of  the  Scaddan  population. 

Rhinoplocephalus  spectabilis  bushi  sp.  nov. 

Holotype 

R96223  in  West.  Aust.  Mus.,  collected  by  B.G.  Bush  on  6 October  1986  at  Scaddan,  WA 
in  33°27'S,  121°44'E. 

Paratypes 

Eucla  Division  (WA ) 

Scaddan  (WAM  R83986,  93558,  96224). 

Diagnosis 

A Rhinoplocephalus  very  like  R,  s.  nullarbor  (Storr)  but  slightly  larger  (total 
length  up  to  392  mm,  v.  379)  and  having  more  ventrals  (159-165,  v.  135-158)  and 
a pale  spot  behind  eye. 

Description 

Snout-vent  length  (mm):  234-342.  Tail  length  (%  SVL):  13.6-14.6  (N  4,  mean 
14.1). 

Internasals  0.7-0. 8 times  as  long  as  prefrontals.  Frontal  1.3-1. 7 times  as  long  as 
wide,  and  1. 8-2.1  times  as  wide  as  supraocular.  Preocular  widely  separated  from 
frontal  and  in  short  contact  with  nasal.  Postoculars  2,  lower  narrower.  Temporals 
2 + 2.  Upper  labials  6.  Lower  labials  7.  Midbody  scale  rows  15,  increasing  to  17-21 
on  neck  and  decreasing  to  12-13  before  vent.  Ventrals  159-165.  Subcaudals 
30-36.  Ventrals  plus  subcaudals  190-201. 

Head  and  neck  glossy  black,  broken  by  pale  marks  in  front  of  and  behind  eye, 
black  extending  back  on  to  first  6-7  vertebrals.  Rest  of  upper  surface  greyish 
brown,  each  scale  with  a small  black  blotch  extending  back  as  a fine  edge  on 
anterior  facets  (posterior  facets  white-edged).  Lips  and  lower  surface  whitish. 

Distribution 

Only  known  from  Scaddan  (50  km  N of  Esperance)  near  south  coast  of  Western 
Australia. 

* c/o  Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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Remarks 

In  size  and  number  of  ventrals  this  taxon  tends  towards  R.  gouldii  (Gray). 
However,  there  is  no  approach  in  colouration,  despite  its  proximity  to  the  eastern 
population  of  R.  gouldii.  For  description  of  R.  s.  nullarbor  and  R.  gouldii  see 
Storr  (1981);  for  transfer  of  these  species  from  Denisonia  to  Rhinoplocephalus 
see  Storr  (1985). 

Derivation  of  name 

After  Brian  Gordon  Bush  of  Lort  River,  in  recognition  of  his  contributions  to 
the  herpetology  of  the  Esperance  region. 
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A new  Ctenotus  (Lacertilia:  Scincidae) 
from  Western  Austalia 

G.M.  Storr* 


Abstract 

A new  skink,  Ctenotus  angusticeps,  is  described  from  Airlie  Island,  off  the  north- 
west coast. 


Ctenotus  angusticeps  sp.  nov. 

Figure  1 

Holotype 

R97423  in  Western  Australian  Museum,  a gravid  female  collected  by  V.L.  and  PJ.  Long  on 
Airlie  Island,  Western  Australia,  in  21°20'S,  115°10'E,  on  16  November  1987. 

Paratypes 

R96987-9,  pit-trapped  \n  Acacia  coriacea  shrubland  on  Airlie  I.  on  30  July  1987. 

Diagnosis 

A small,  slender,  narrow-headed,  faintly  patterned  member  of  the  C,  pan- 
therinus  group  (Storr  1975)  with  separated  prefrontals,  callose  subdigital  lamellae 
and  spiny  soles. 

Description 

Snout-vent  length  64-69  mm  (N  4).  Length  of  appendages  (%  SVL):  tail  162 
(N  1);  foreleg  25-27;  hindleg  37-41. 

Nasals  narrowly  separated  (N  3)  or  in  point  contact;  postnarial  groove  absent, 
weak  or  strong.  Prefrontals  narrowly  separated.  Supraoculars  4,  first  three  in  con- 
tact with  frontal.  Supraciliaries  6 or  7,  first  three  much  larger  than  fourth  to  sixth. 
Palpebrals  (ciliaries)  10-12.  Second  loreal  as  wide  as  high  or  wider.  Presuboculars 
1 or  2.  Upper  labials  7 or  8.  Ear  lobules  3 or  4,  obtuse  or  subacute,  first  or  second 
(from  top)  largest.  Nuchals  1-4  on  each  side.  Midbody  scale  rows  28  or  30.  Toes 
slightly  compressed;  lamellae  under  fourth  19-22,  each  with  a moderately  wide 
callus.  Palmar  and  plantar  scales  high  and  sharp. 

Dorsal  and  lateral  surfaces  dark  olive  grey,  mottled  with  black  and  whitish. 
Markings  on  side  of  body  tending  to  be  arranged  in  three  series  (laterodorsal, 
upper  lateral  and  midlateral)  of  ‘ocelli’,  i.e.  short,  whitish  longitudinally  elongate 
bars,  laterally  edged  with  black  (in  one  specimen  whitish  bars  almost  confluent 


* c/o  Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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and  forming  stripes).  Dorsal  pattern  still  more  vague,  but  some  indication  of  a 
black  vertebral  stripe.  Markings  on  tail  consisting  of  several  rows  of  longitudinally 
elongate,  blackish  spots.  Qaws  reddish  brown. 


Figure  1 Holotype  of  Ctenotus  angusticeps  photographed  in  life. 


Distribution 

Only  known  from  one  small  low  island  off  the  Pilbara  coast. 

Remarks 

Perhaps  this  taxon  is  descended  from  one  or  other  of  the  two  regional  sub- 
species of  C.  pantherinus,  viz.  C.  p.  ocellifer  (Boulenger)  of  the  Pilbara  mainland 
and  C.  p.  acripes  Storr  of  Barrow  Island  (Storr  1975).  If  so,  it  must  have  evolved 
very  rapidly  from  a small  founder  population,  for  it  is  now  very  different  from  all 
subspecies  of  C.  pantherinus.  Alternatively  it  may  be  an  old  species,  having  much 
the  same  relationship  to  C.  pantherinus  as  C.  hanloni  has  to  C,  grandis;  this  would 
be  virtually  confirmed  if  it  were  found  elsewhere. 

Derivation  of  name 

From  Latin  angustus  (narrow)  and  -ceps  (head). 
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? Campbellodus  sp.  (Placodermi:  Ptyctodontida)  from  the  Upper 
Devonian  Napier  Range,  Canning  Basin 

John  A.  Long* 

Besides  the  well  known  fish  fauna  from  the  Gogo  Formation  of  the  Canning  Basin 
(Gardiner  and  Miles  1975)  there  have  been  few  vertebrates  from  other  formations 
making  up  the  Upper  Devonian  reef  complex  (Playford  and  Lowry  1967).  The 
specimen  described  here  was  collected  in  the  early  1940s  by  Dr  Curt  Teichert,  and 
was  prepared  using  acetic  acid.  Only  two  species  of  ptyctodontids  have  previously 
been  described  from  Australia,  both  from  the  Lower  Frasnian  Gogo  Formation, 
Western  Australia  (Miles  and  Young  1977),  although  indeterminate  toothplates 
have  also  been  reported  from  the  Early  Devonian  Murrumbidgee  Group  of  New 
South  Wales  (^rvig  1969). 


Systematics 

Subclass  Placodermi 
Order  Ptyctodontida 
? Campbellodus  Miles  and  Young,  1977 

Remarks 

The  new  specimen  (UWA  Geology  Museum  No.  26566,  Figure  1)  is  provisionally 
referred  to  this  genus  because  it  shares  the  same  overall  proportions  with  a well 
developed  dorsal  process  and  broad  tritural  surface.  Although  Miles  and  Young  did 
not  characterise  the  genus  by  its  toothplates,  which  they  claimed  could  be  placed 
in  either  Ptyctodus  or  Rhynchodus,  it  is  assumed  that  the  close  resemblance  in 
shape  and  tritural  surface  shown  by  UWA  26566  and  Campbellodus  decipiens 
(Figure  2)  suggests  that  the  specimen  tentatively  be  assigned  to  Campbellodus.  It 
closely  resembles  one  of  the  figured  upper  jaw  toothplates  of  C.  decipiens  (Miles 
and  Young  19  77,  plate  1-A),  and  differs  from  other  ptyctodontid  toothplates  with 
dorsal  processes  (e.g.  Rhynchodus  spp.,  Denison  1978).  Miles  and  Young  (1977, 
p.  150)  commented  on  this  particular  upper  jaw  toothplate  of  C.  decipiens 
(P50907)  as  follows  ‘‘to  our  knowledge  this  specimen  does  not  closely  resemble 
any  previously  described  ptyctodontid  toothplate”.  A new  specimen  of  C.  deci- 
piens found  in  1986  (but  lacking  toothplates)  conforms  to  the  same  size  range  of 
the  other  two  specimens  of  this  species,  indicating  an  estimated  size  for  the  upper 
jaw  toothplates  of  up  to  50  mm,  somewhat  smaller  than  the  Napier  Range  speci- 
men (length  65  mm). 


* Department  of  Geology,  University  of  Tasmania,  P.O.  Box  252  C,  Hobart,  Tasmania  7001. 
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Locality  and  horizon 

From  the  north-eastern  side  of  the  Napier  Range,  near  Fitzroy  Crossing,  from 
Teichert’s  locality  100  (close  to  Trigg  point  73),  Upper  Frasnian  section  of  the 
Napier  Formation  (Dr  P.  Playford,  pers.  comm.). 

Description 

The  main  features  of  the  specimen  can  be  clearly  seen  from  Figure  1,  with  a 
comparison  of  upper  toothplates  of  the  other  Australian  ptyctodontids  from  the 
Late  Devonian  shown  in  Figure  2.  The  mesial  surface  of  the  toothplate  (Figure  1-A) 
has  a strongly  convex  dorsal  margin  which  ends  posteriorly  at  a blunt  posterior 


Figure  1 ? Campbellodus  sp.,  Upper  Devonian,  Napier  Formation,  Western  Australia.  UWA 

26566,  in  (A)  mesial,  (B)  ventral,  (C)  lateral  and  (D)  posterior  views,  d.pr,  anterior 
dorsal  process;  gr,  dorsal  groove;  n.f.  posterior  nutritive  foramen,  r,  ridge;  tr.s, 
tritural  surface. 
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point.  There  is  a short  posteroventral  margin  before  the  biting  surface  (tr.s. 
Figure  1-B)  starts  at  the  ventral  margin.  The  high  dorsal  process  (d.pr  Figure  1-A) 
meets  the  mesial  lamella  of  the  toothplate  along  a shallow  groove  which  is  bordered 
posteromesially  by  a steeply  inclined  ridge  (r.  Figure  1-A).  In  lateral  view  (Fig- 
ure 1-C)  the  deeply  excavated  dorsal  groove  (gr)  can  be  seen.  The  dorsal  process 
joins  the  lateral  lamella  of  the  toothplate  by  evenly  expanding  ventrally,  rather 
than  by  a sharp  junction  as  in  C.  decipiens  (Figure  2-B).  The  lateral  lamella  is 
lower  than  the  mesial  lamella,  and  both  are  quite  flat,  becoming  weakly  depressed 
near  their  centre.  In  posterior  view  (Figure  1-D)  the  rear  of  the  dorsal  groove  has  a 
small  foramen  for  vascular  supply  to  the  toothplate  tissues  (n.f). 

The  tritural  surface  (Figure  1-B)  has  a well  developed  ridge  along  its  antero- 
mesial  edge  which  twists  to  face  the  opposite  side  posteriorly. 


Figure  2 Comparison  of  Upper  Devonian  ptyctodontid  upper  jaw  toothplates  from  Australia. 

A,  Ctenurella  gardineri  Miles  and  Young,  1977,  showing  quadrate  (Qd)  and  auto- 
palatine (Aut).  B,  Camphellodus  decipiens  Miles  and  Young,  1977.  C,  7 Camp - 
bellodus  sp.,  Napier  Fm.  Bar  scale  equals  one  centimetre. 


Discussion 

The  large  size  of  the  toothplate  places  the  specimen  in  the  middle  size  range  for 
ptyctodontids.  The  largest  forms,  (Palaeomylus greeni,  P.  frangens  and  P.  hussakofi, 
Middle  Devonian,  USA),  have  toothplates  14-15  cm  long  (Denison  1978).  Apart 
from  the  Gogo  species  other  Late  Devonian  ptyctodontids  from  Gondwana  {sensu 
Young  1981)  are  known  from  isolated  toothplates  of  'Ptyctodus'*  ^.nA  '*Rhyn- 
chodus”  kinds  from  Iran  (LeLievre  et  al.  1981).  Although  the  **Rhynchodtis^* 
toothplates  have  no  close  resemblance  to  Camphellodus  the  lower  jaw  element 
figured  as  a *Ttyctodus’*  is  quite  similar  to  the  figured  lower  toothplate  of  C. 
decipiens  (Miles  and  Young  1977,  plate  1 D,  E).  The  upper  toothplates  of  Ptyc- 
todopsis  menzeli  are  similar  to  those  of  Camphellodus  in  overall  shape  and  tritural 
surface  but  differ  in  the  shorter  height  of  the  anterior  dorsal  process.  As  the 
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anterior  ends  of  the  toothplates  in  Ptyctodopsis  are  not  known  these  resemblances 
must  be  regarded  as  superficial.  Ptyctodopsis  is  markedly  different  from  Camp- 
bellodus  in  its  trunk  armour  (Denison  1985).  Also  new  material  of  C decipiens, 
WAM  86.9.772,  shows  that  it  has  two  median  dorsal  plates  and  a high  dorsal  spine 
(Long  1987).  Denison  (1985)  considered  the  tritural  type  of  dentition  as  a spe- 
cialisation. Campbellodus,  how'ever,  is  regarded  as  a more  primitive  form  than 
Ctenurella  because  it  retains  spinal  plates.  The  Napier  Range  specimen  appears 
more  derived  than  C.  decipiens  in  its  larger  size  and  higher  development  of  the 
anterior  dorsal  process.  It  represents  one  of  two  known  vertebrates  from  the 
Napier  Formation,  the  other  being  pieces  of  tuberculated  arthrodire  bone  described 
originally  as  a stromatoporoid,  Stromatoporella  kimberleyensis  (see  Cockbain 
1976). 


Acknowledgements 

I thank  Dr  Philip  Playford  and  Dr  Tony  Cockbain,  Geological  Survey  of  Western 
Australia,  for  their  helpful  discussion  of  the  specimen  locality  and  age;  and  Drs 
Alex  Ritchie  and  Gavin  Young  for  comments  on  the  manuscript.  This  work  was 
carried  out  through  a National  Research  Fellowship,  Queen  Elizabeth  II  Award. 
Field  work  in  the  Kimberley,  resulting  in  the  new  material  of  Campbellodus 
decipiens,  was  funded  by  the  National  Geographic  Society,  Washington  (grant 
#3364-86). 


References 

Cockbain,  A.E.  (1976).  Stromatoporella  kimberleyensis  Etheridge  Jr  1918,  is  a piece  of  bone. 

Ann.  Rep.  Dept  Mines  W.  Aust.,  Perth,  1975:  176-180. 

Denison,  R.H.  (1978).  Placodermi.  Handbook  of  Ichthyology , Vol.  2,  Gustav  Fischer,  Stuttgart, 

pp.  128. 

Denison,  R.H.  (1985).  A new  ptyctodont  placoderm,  Ptyctodopsis,  from  the  Middle  Devonian 
of  Iowa./.  Paleon.t,  59:  511-22. 

Gardiner,  B.G.  and  Miles,  R.S.  (1975).  Devonian  fishes  of  the  Gogo  Formation,  Western  Aust- 
ralia. Collogues  internat.  cen.  Nat.  Res.  C.N.R.S.  218:  73-79. 

LeLievre,  H.,  Janvier,  P.  and  Goujet,  D.  (1981).  Les  vertebres  Devoniens  del’ Iran  central.  IV. 

Arthrodires  et  ptyctodontes.  Geobios  14:  677-709. 

Long,  J.A.  (1987).  Late  Devonian  fishes  from  the  Gogo  Formation,  Western  Australia  - new 
discoveries.  Search  18  (4):  203-205. 

Miles,  R.S.  and  Young,  G.C.  (1977).  Placoderm  interrelationships  reconsidered  in  the  light  of 
new  ptyctodontids  from  Gogo,  Western  Australia.  Linnean  Society  Symposium  Series  4: 
123-98. 

0rvig,  T.  (1969).  Vertebrates  from  the  Wood  Bay  Group  and  the  position  of  the  Emsian-Eifelian 
boundary  in  the  Devonian  of  Vestspitsbergen.  Lethaia  2:  273-328. 

Playford,  P.E.  and  Lowry,  D.C.  (1967).  Devonian  reef  complexes  of  the  Canning  Basin,  Western 
Australia.  5w//.  geol.  Surv.  W.  Aust.  118:  1-150. 

Young,  G.C.  (1981).  Biogeography  of  Devonian  vertebrates,  5:  225-43. 


Received  16  March  1987  Accepted  25  September  1987  Published  10  June  1988 


144 


Rec.  West  Aust.  Mus.  1988,  14(1):  145-149 


The  Kalgoorlie  whale  bone,  a probable  example  of  long  range 
Aboriginal  transport  of  a marine  object 

C.E.  Dortch* 

Introduction 

A disc-shaped  whale  bone  found  in  1897  at  an  inland  Aboriginal  campsite  20  km 
south  of  Kalgoorlie,  Western  Australia  (Figures  1,  2)  suggests  the  diversity  of 
marine  and  other  objects  distributed  through  long-range  tribal  exchange  networks. 
The  collector  of  the  whale  bone,  the  late  Mr  Christopher  George  Jessup  (1881- 
1962),  was  16  years  old  at  the  time,  and  later  became  a well  known  and  respected 
naturalist  in  Western  Australia.  In  his  obituary  Mr  Jessup  is  noted  as  having  . . 
formed  extensive  collections  [from  which]  much  carefully  labelled  material  was 
passed  on  to  local  and  overseas  scientists  and  institutions”.  (Butler  1963:  195). 
At  the  time  of  Mr  Jessup’s  death  in  1962,  Mr  W.H.  Butler,  a close  acquaintance, 
selected  the  most  valuable,  best  documented  specimens  from  the  Jessup  collection 
for  donation  to  the  Western  Australian  Museum  (W.H.  Butler,  pers.  comm.).  The 
whale  bone  is  one  of  these  donated  specimens,  and  there  seems  little  reason  to 
doubt  the  authenticity  of  its  provenance. 


* Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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The  Kalgoorlie  whale  bone 

The  bone  specimen  (A14423,  Figure  2)  is  a flattened  disc  28-28.5  cm  in 
diameter,  2. 2-2.4  cm  thick  and  weighing  1143  g.  It  is  described  in  the  anthropology 
register  as  a ‘bone  pitchi’,  and  it  is  likely  that  Mr  Jessup  had  referred  to  it  as  a 
‘pitchi’  or  carrying  dish.  The  common  Western  Desert  term  for  the  traditional 
wooden  carrying  dish  is  ‘piti’  (Douglas  1977:  19;  Glass  1975:  24),  and  ‘pitchi’ 
is  a recognised  variant. 

Mr  J.  Bannister,  Director  of  the  Western  Australian  Museum,  has  identified  the 
bone  as  a vertebral  epiphysis,  judging  by  its  size  and  circular  shape  probably  from 
one  of  the  caudal  vertebrae  of  an  immature  whale.  The  species  to  which  the  bone 
belongs  is  uncertain,  though  Southern  Right  Whale  (Eubalaena  australis).  Hump- 
back (Megaptera  novaeangliae)  and  Sperm  Whale  (Physeter  macro cephalus)  all 
occur  off  the  coasts  of  south-western  Australia,  and  were  hunted  commercially 
or  could  otherwise  have  been  washed  ashore  or  stranded  (J.  Bannister,  pers.  comm.). 
The  specimen,  stabilised  in  1986  by  mean  of  vacuum  impregnation  in  10  per  cent 
PVA  (I.  MacLeod,  Conservation  Department,  Western  Australian  Museum,  pers. 
comm.)  is  radially  split  in  several  places  but  is  otherwise  in  good  condition,  and 
shows  no  signs  of  artificial  modification,  e.g.  incisions  or  abrasions.  It  is  question- 
able whether  the  bone  was  a domestic  utensil,  i.e.  a ‘pitchi’,  and  I have  found  no 
reference  in  the  Australian  ethnographic  literature  for  the  use  of  whale  epiphyses 
or  other  large  bones  as  dishes  or  bowls.  It  seems  equally  possible  that  the  bone 
was  of  mythological  significance. 

It  is  unlikely  that  the  relatively  unweathered  bone  was  more  than  a few  years 
old  when  collected,  though  this  does  not  seem  to  offer  any  choice  as  to  whether 
it  reached  the  Kalgoorlie  area  through  Aboriginal  barter,  or  was  taken  there  by  a 
European.  In  any  case  its  presence  at  an  Aboriginal  campsite  in  1897  is  evidence 
that  it  had  been  acquired  by  an  Aboriginal  group,  either  before  or  during  the  gold 
rushes  of  the  1890s. 


Discussion 

It  seems  impossible  to  determine  the  whale  bone’s  marine  source,  whether  the 
Southern  Ocean  coast  some  350  km  south  of  the  find  site,  or  the  Indian  Ocean 
nearly  600  km  to  the  west  (Figure  1),  or  even  more  distant  coasts  to  the  south- 
east and  north-west.  Regarding  the  first  named  and  nearest  coast  one  should  note 
Tindale’s  summary  of  direct  contact  and  cultural  diffusion  between  the  inland 
and  coastal  Aboriginal  tribes,  particularly  those  coastal  people  living  east  of 
Esperance,  in  this  part  of  Western  Australia  in  the  late  nineteenth  and  early  twen- 
tieth centuries  (Tindale  1974:  41,  78;  map).  There  is  no  such  evidence  for  contact 
between  the  Aboriginal  groups  of  the  Kalgoorlie  area  and  those  living  on  the 
Indian  Ocean  coast  to  the  west,  moreover,  there  are  major  linguistic  and  cultural 
differences  between  the  tribes  of  the  two  regions  (Tindale  1974:  41,  143;  map). 
Though  not  indicating  the  whale  bone’s  place  of  marine  origin  or  its  mode  of 
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transport  inland,  Tindale's  data  do  lend  plausibility  to  any  supposition  that  the 
bone  derives  from  an  Aboriginal  group  on  the  Southern  Ocean  coast. 

The  occurrence  of  an  object  of  marine  origin  at  an  inland  Aboriginal  site  is 
not  unusual.  There  is  ample  ethnographic  evidence  for  the  movement  of  material 
goods,  including  marine  objects,  over  long  distances  in  the  inter-tribal  exchange 
networks  of  Aboriginal  Australia  (e.g.  McCarthy  1939;  Berndt  and  Berndt  1968: 
107-119;  Mulvaney  1976).  In  terms  of  the  extent  and  relative  densities  of  their 
continental  distributions,  two  of  the  most  impressive  exchange  items  of  what- 
ever origin  were  baler  and  pearl  shells,  which  were  carried  hundreds  of  km  inland 
from  their  marine  sources  in  northern  Australia  (McCarthy  1939:  Map  14;  Mount- 
ford  and  Harvey  1939;  Mulvaney  1975:  Figs  14,  15;  1976:  Maps  4,  5).  Numbers 
of  these  transported  shells  are  housed  in  the  archaeology  and  anthropology 
collections  of  the  Western  Australian  Museum,  e.g.  B6697,  a baler  shell  fragment 
[Melo  sp.)  from  the  Sandford  River  near  Cue,  350  km  east  of  the  Indian  Ocean 
coast.  Several  other,  probably  sub-fossil  shells  and  other  marine  biota  collected 
at  inland  localities  are  in  the  palaeontology  collection  (e.g.  69.944,  a fragment  of 
coral  — Fungia  sp.  — from  Tambellup:  Figure  1),  though  none  of  these  palaeon- 
tological specimens  is  known  to  come  from  an  Aboriginal  site. 

Assuming  the  reliability  of  its  cultural  provenance,  can  it  be  determined  that 
the  whale  bone  was  an  object  of  long  range  barter  within  a traditional  exchange 
network?  Or  did  the  bone  find  its  way  to  Kalgoorlie  merely  through  unstructured 
intr a- Aboriginal  or  Aboriginal-European  contact  taking  place  under  the  disordered 
and,  for  the  Aborigines  (Bolton  1981:  125),  chaotic  conditions  of  the  gold  rushes? 
Unless  new  information  comes  to  light,  e.g.  relevant  diaries  or  letters,  the  choice 
will  be  conjectural.  Indeed,  the  Kalgoorlie  whale  bone  could  be  interpreted  as 
being  as  obdurately  enigmatic  as  the  Scaddan  implement,  an  Acheulian  handaxe 
(i.e.  a Palaeolithic  stone  implement)  of  European  origin  found  in  1930  near 
Scaddan,  a small  community  on  the  route  between  Kalgoorlie  and  Esperance 
(Figure  1;  Dortch  and  Glover  1983;  Tindale  1949).  There  is,  however,  a difference 
between  these  two  very  unusual  finds,  and  this  is  that  the  bone  is  a potentially 
important  archaeological  specimen,  since  it  could  have  been  traded  in  a hitherto 
undocumented  regional  exchange  system  in  which  large  or  unusual  marine  objects 
were  carried  long  distances. 
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Corrigendum 

McNamara,  KJ.  1987.  The  holasteroid  echinoid  Echinocorys  from  the  Maastri- 
chtian  of  Western  Australia.  Rec.  West.  Aust.  Mus.  13(3):  419-426. 

On  page  421  the  paratype  number  of  Echinocorys  stomias  given  as  WAM  84.443 
should  read  84.433.  84.443  is  a specimen  of  the  ammonite  Pachydiscus  (Pachy- 
discus)  neubergicus  dissitus  Henderson  & McNamara,  1985,  from  the  same  form- 
ation as  E.  stomias. 
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A new  species  of  Australian  Craterocephalus  (Pisces:  Atherinidae) 
and  redescription  of  four  other  species 

L.E.L.M.  Crowley*  and  W.  Ivantsoff* 

Abstract 

A new  species  of  hardyhead,  Craterocephalus  munroi,  from  estuarine  reaches  of 
the  Bynoe,  Norman  and  Nicholson  Rivers,  southern  Gulf  of  Carpentaria,  is  des- 
cribed. Morphologically  the  new  species  appears  to  be  most  closely  related  to 
C.  marjoriae  and  C.  marianae  members  of  the  C.  eyresii  group.  Osteologically 
it  is  also  aligned  with  that  group,  but  differs  in  having  the  fifth  ceratobranchials 
fused  and  no  tooth  plates  present  on  first  lower  gill  arch.  The  marine  and  estu- 
arine species  of  hardyheads  ( Craterocephalus  honoriae,  C.  mugiloides,  C.  capreoli 
and  C.  pauciradiatus)  are  also  reviewed.  The  genus  Allanetta  is  relegated  to  the 
synonymy  of  Craterocephalus  and  the  relationships  of  these  marine /estuarine 
hardyheads  are  discussed. 


Introduction 

Fishes  of  the  family  Atherinidae  are  found  throughout  the  world,  mainly  in 
marine  and  estuarine  habitats,  but  a number  of  genera  are  also  found  in  fresh 
water  habitats  in  the  Americas,  Madagascar  and  Australia.  The  Australian  athe- 
rinid  genus  Craterocephalus  comprises  two  distinct  groups  of  freshwater  species 
(the  C eyresii  group  and  the  C.  stercusmuscarum  group)  and  a marine  group 
which  includes  C.  honoriae,  C.  capreoli  and  C.  pauciradiatus  (see  Ivantsoff  a/., 
1987a).  A fourth  species,  C.  mugiloides,  previously  included  in  the  genus  Al- 
lanetta, is  now  added  to  the  marine  group.  The  new  species  Craterocephalus 
munroi,  although  from  tidal  reaches  of  southern  Gulf  of  Carpentaria  rivers, 
is  not  considered  to  belong  with  the  marine  group.  Instead  it  appears  most  closely 
related  to  the  freshwater  C,  eyresii  group,  one  species  of  which  may  inhabit 
saline  lakes  (see  Chessman  and  Williams  1974). 

The  taxonomic  status  of  some  species  of  the  marine  group  has  been  contro- 
versial. C.  honoriae  was  originally  ascribed  to  the  genus  Atherina  by  Ogilby 
(1912),  but  in  1919,  Jordan  and  Hubbs  placed  it  in  the  genus  Craterocephalus 
and  were  followed  by  McCulloch  and  Whitley  in  1925.  Schultz  (1948),  who 
erected  Stenatherina,  with  S.  temminckii  as  the  type  species  (erroneously  identi- 
fied S.  temminckii  of  Schultz,  is  indistinguishable  from  zl.  Jordan  and 

Richardson,  1908)  suggested  that  C.  honoriae  should  also  be  placed  into  this 
new  genus.  Subsequently,  Munro  (1958)  and  Thomson  (1959)  followed  Schultz, 
but  this  placement  was  disputed  by  Ivantsoff  (1978)  who  gave  a number  of 
characters  distinguishing  C.  honoriae  from  Stenatherina, 

* School  of  Biological  Sciences,  Macquarie  University,  New  South  Wales  2109. 
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Craterocephalus  mugiloides  was  previously  ascribed  to  the  genus  Allanetta 
(Whitley,  1943),  but  was  considered  to  be  closely  related  to  Craterocephalus 
by  Taylor  (1964).  Whilst  this  species  was  maintained  in  a separate  genus  by 
Ivantsoff  (1978),  he  noted  the  many  similarities  of  this  species  and  C.  honoriae, 
and  stated  Tt  is  contentious  whether  A.  mugiloides  deserves  a generic  status  of 
its  own’.  Patten  (1978),  who  suggested  it  should  be  regarded  as  a subgenus  within 
Craterocephalus,  said  he  could  find  no  advanced  osteological  characters  sepa- 
rating Craterocephalus  and  Allanetta.  The  present  study  indicates  that  Allanetta 
must  be  placed  into  the  synonymy  of  Craterocephalus. 

Taylor  (1964),  recognised  C.  capreoli  as  a junior  synonym  of  C.  pauciradiatus 
without  comment.  This  synonymy  was  followed  by  Ivantsoff  (1978)  but  sub- 
sequent examination  of  the  holotype  of  C.  pauciradiatus  by  the  latter,  showed 
distinct  differences  between  these  two  species. 

A specimen  of  Craterocephalus  sp.,  collected  by  Mr  I.S.R.  Munro  some  years 
ago  from  Norman  River,  Queensland,  was  tentatively  identified  by  him  as  new, 
or  very  close  to  Craterocephalus  marjoriae  (pers.  comm.).  Examination  of  several 
other  Australian  Museum  specimens  from  the  same  area,  as  well  as  some  speci- 
mens recently  collected  from  Bynoe  River,  coniirm  that  they  belong  to  a new 
species  which  is  morphologically  similar  to  C.  marjoriae.  Osteologically,  the  new 
species  is  distinct  but  is  considered  to  be  aligned  with  the  C.  eyresii  species 
group  (of  which  C.  marjoriae  is  also  a member). 


Materials  and  Methods 

Methods  for  counts  and  measurements  are  based  on  Munro  (1967),  modified  in 
several  instances  as  described  by  Prince  et  al.,  (1982)  and  Patten  and  Ivantsoff 
(1983).  As  with  all  other  species  of  Craterocephalus,  the  anal  and  second  dorsal 
fins  may  or  may  not  have  an  unbranched  ray  immediately  following  the  spine  and 
preceding  the  branched  rays.  For  this  reason  and  lor  the  sake  of  uniformity,  the 
ray  following  the  spine  in  these  fins  is  never  included  in  the  count  ot  branched 
rays  (Tables  1 and  2). 

For  osteology,  Taylor’s  (1967)  method  for  clearing  and  staining  small  speci- 
mens was  used.  Drawings  were  made  with  the  aid  of  camera  lucida  attached  to 
a dissecting  microscope. 


Abbreviations  used  in  Tables  1 and  2:  SL,  standard  length;  H.  max,  maximum  body  depth; 
H.  min,  least  body  depth;  Pec-anus,  distance  from  dorsal  origin  of  pectoral  fin  to  anus;  Sn, 
snout;  ODl,  origin  of  first  dorsal  fin;  OD2,  origin  of  second  dorsal  fin;  OV,  origin  of  ventral 
fins;  6a,  origin  of  anal  fin;  TA,  insertion  of  last  ray  of  anal  fin;  Interorb,  width  of  interorbital; 
Postorb,  length  of  opercle  from  posterior  edge  of  orbit  to  edge  of  opercle;  Premax,  length  of 
premaxhla;  Premax  proc,  dorsal  premaxillary  process;  Posit  anus,  position  of  anus;  TV,  tips 
of  ventral  fins;  TPec,  tips  of  pectoral  fins;  F,  in  front;  B,  behind. 
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Table  1 Morphometric  proportions  and  meristic  counts  for  holotype  and  29  paratypes  of 
Craterocephalus  munroi,  mean  and  mode  with  range  in  brackets;  SD,  standard 
deviation. 


Size  mm  SL 

Holotype 
34.3  mm 

29  paratypes 

25.5-35.3  mm 

mean 

range 

SD 

In  SL 

Head 

3.4 

3.4 

(3. 2-3.7) 

0.11 

H.  max 

4.5 

4.2 

(3. 7-4.8) 

0.26 

H.  min 

8.7 

9.2 

(7.8-11.2) 

0.63 

Pec-anus 

2.7 

2.7 

(2. 4-2 .8) 

0.09 

Sn-ODl 

2.1 

2.0 

(2.0-2.1) 

0.05 

Sn-OD2 

1.4 

1.4 

(1.3-1 .4) 

0.03 

Sn-OV 

2.0 

2.1 

(2.0-2.2) 

0.07 

Sn-TV 

1.6 

1.6 

(1.5-1.7) 

0.06 

Sn-OA 

1.4 

1.4 

(1. 3-1.5) 

0.03 

Sn-TA 

1.2 

1.2 

(1.2-1.3) 

0.04 

In  Head 

Eye 

3.2 

3.2 

(3.0-3.5) 

0.13 

Interorb 

3.3 

3.2 

(2.9-3.5) 

0.14 

Postorb 

2.3 

2.4 

(2.2-2.5) 

0.08 

In  Eye 

Sn 

1.1 

1.1 

(1.0-1.2) 

0.07 

Premax 

1.2 

1.1 

(1.0-1.2) 

0.06 

Premax  proc 

1.6 

1.6 

(1.4-1.7) 

0.09 

Scale  counts 

Midlateral 

28 

27-28 

(26-29) 

Transverse 

7 

7 

(6-8) 

Interdorsal 

6 

6 

(5-7) 

Fin  elements 

First  dorsal 

7 

6 

(5-7) 

Second  dorsal 

5 

5 

(4-6) 

Anal 

6 

6 

(5-6) 

Pectoral 

13 

13-14 

(12-14) 

Other  values 

Gill  rakers 

11 

11 

(10-12) 

Vertebrae 

30 

*30 

(29-31) 

Posit  anus 

BO 

BO-1 

(BO-2) 

ODl-TV 

F5 

F5 

(F4-6) 

ODl-TPec 

0 

FO-1 

(B0.5-F2) 

OV-TPec 

F0.5 

FI 

(FO.5-2.5) 

*only  25  specimens  counted 
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Table  2 Morphometric  proportions  and  meristic  counts  of  four  marine/estuarine  species 
of  hardyheads,  C.  mugiloides,  C.  honoriae,  C.  capreoli  and  C.  pauciradiatus;  mean 
and  mode  with  range  in  brackets.  Abbreviations  as  in  Table  1. 


C.  mugiloides 

C.  honoriae 

C.  capreoli 

C.  pauciradiatus 

Number  and 
range  in 
mm  SL 

44  (31.4-57.6) 

28  (22.0-43.6) 

43  (30.0-69.9) 

29  (25.9-50.0) 

Character 

In  SL 

Head 

3.7  (3.3-4.5) 

3.8  (3.6-4.1) 

3.8  (3.3-4.2) 

3.4  (3.2-3.5) 

H,  max 

5.2  (4.5-6.6) 

5.9  (5.2-7.2) 

4.9  (4.3-5 .4) 

4.1  (3.8-4.5) 

H.  min 

11.4  (10.1-16.1) 

12.6  (9.4-15.2) 

10.6  (9.0-12.0) 

9.6  (8.5-11.7) 

Pec-anus 

3.9  (3.5-4.7) 

3.7  (3.4-4.2) 

4.2  (3.7-4.6) 

3.3  (3.2-3.6) 

Sn-ODl 

2.0  (1.8-2.2) 

2.0  (1.9-2.2) 

1.9  (1.8-2.0) 

1.8  (1.7-1.9) 

Sn-OD2 

1.4  (1.3-1.6) 

1.4  (1.4-1.5) 

1.4  (1.3-1.5) 

1.3  (1.2-1.4) 

Sn-OV 

2.4  (2.2-2.7) 

2.4  (2.1-2.6) 

2.3  (2.2-2.5) 

2.2  (2.1-2.3) 

Sn-OA 

1.5  (1.4-1.6) 

1.5  (1.4-1.6) 

1.4  (1.4-1 .5) 

1.4  (1.4-1.5) 

Sn-TA 

1.2  (1.2-1.3) 

1.3  (1.2-1.3) 

1.2  (1.2-1 .3) 

1.3  (1.2-1.3) 

In  Head 

Eye 

3.2  (2.5-3.3) 

2.8  (2.6-3.1) 

3.2  (2.8-3.4) 

3.3  (3.2-3.5) 

Interorb 

2.8  (2.3-3.8) 

2.9  (2.5-3.5) 

2.6  (2.1-3. 1) 

2.6  (2.5-2.7) 

Postorb 

2.5  (2.0-2.9) 

2.5  (2.1-2.8) 

2.4  (2. 1-2.9) 

2.3  (2.2-2.4) 

In  Eye 

Sn 

1.2  (1.0-1.4) 

1.5  (1.3-1.9) 

1.2  (1.0-1.6) 

1.1  (l.O-l.l) 

Premax 

1.0  (0.7-1.3) 

1.3  (1.0-1.6) 

1.1  (0.9-1 .3) 

1.0  (l.O-l.l) 

Premax  proc 

1.2  (1.0-1.5) 

1.5  (1.2-2.0) 

1.3  (1. 1-1.6) 

1.1  (l.O-l.l) 

Scale  counts 

Midlateral 

35  (33-37) 

33-34  (33-36) 

31  (29-33) 

28-29  (27-30) 

Transverse 

5 (4.5-6) 

5 (4.5-6) 

5 (5-6) 

5 (5-5.5) 

Interdorsal 

7 (6-9) 

7 (6-8) 

6 (5-7) 

6 (5-6) 

Fins  elements 

First  dorsal 

6 (5-7) 

5 (5-6) 

5 (4-6) 

5 (4-6) 

Second  dorsal 

7 (6-9) 

7 (6-7) 

6 (5-7) 

5 (4-5) 

Anal 

9 (8-12) 

9 (8-11) 

7-8  (6-9) 

6 (5-7) 

Pectoral 

12  (11-14) 

11-12  (11-12) 

11  (10-13) 

12  (11-13) 

Other  values 

Posit  anus 

F3  (FI -4) 

F2  (FO.5-2) 

F4  (F3-5) 

F3  (F2-4) 

ODl-TV 

F3  (FO.5-5) 

F2-2.5  (Fl.5-5) 

Fl-1.5  (FO-2.5) 

F3  (Fl-3.5) 

OV-TPec 

F2  (0-F3) 

F1.5  (B1-F2.5) 

F1.5  (FO-2.5) 

F2  (FO-2.5) 

Vertebrae 

36  (34-37) 

36  (35-38) 

32  (30-35) 

31  (30-32) 

Gill  rakers 

15  (13-17) 

13  (12-15) 

11-12  (10-13) 

9 (8-9) 
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Cluster  analysis  (Figure  7)  of  all  Craterocephalus  species  was  made  by  using 
48  osteological  characters  (represented  by  binary  notation  — 1/0  to  indicate 
presence  or  absence;  large  or  small,  etc.).  The  procedure  was  based  on  an  al- 
gorithm (Jacquard  similarity  coefficient)  modified  from  Sneath  and  Sokal  (1973) 
by  Dr  G.M.  McKay  of  Macquarie  University. 

Material  from  the  following  institutions  was  examined:  the  Australian  Museum, 
Sydney  (AMS);  British  Museum  of  Natural  History,  London  (BMNH);  the  late 
Dr  D.E.  Rosen’s  personal  field  collection  number  (American  Museum  of  Natural 
History)(DR);  Macquarie  University,  North  Ryde  (MQU);  Queensland  Museum, 
Brisbane  (QM);  Univeristy  of  Michigan,  Museum  of  Zoology,  Ann  Arbor,  Michigan 
(UMMZ);  National  Museum  of  Natural  History,  Smithsonian  Institution,  Washing- 
ton, DC  (USNM);  Western  Australian  Museum,  Perth  (WAM);  Zoologisk  Museum, 
Universitetets  I Oslo  (ZMUO).  Other  code  in  text  (C.  capreoli  page  12).  Presu- 
mably Naturhistoriska  Riksmuseet,  Stockholm  (Ivantsoff  1978;  but  see  Pethon 
1969)(RMS). 


Key  to  the  Australian  marine  and  estuarine  species  of  Craterocephalus 


la  Midlateral  scales  always  33  or  more;  second  dorsal  rays 
6-9  (usually  7);  fifth  ceratobranchials  well  separated 
and  epiotic  crest  small  2 

lb  Midlateral  scales  never  more  than  33;  second  dorsal  rays 
4-7  (usually  5 or  6);  fifth  ceratobranchials  very  close  or 
fused,  epiotic  crest  large  and  sometimes  fingerlike 3 


2a  Single  black  spot  at  base  of  pectoral  fin,  gill  rakers  equal 
to  diameter  of  pupil.  Fifth  ceratobranchials  shallow 
triangles.  Dentary  lateral  fossa  immediately  adjacent  to 
symphysis C.  mugiloides 

2b  No  black  spot  at  base  of  pectoral  fin,  gill  rakers  relatively 
long  but  less  than  diameter  of  pupil.  Fifth  ceratobranchials 
deep  triangles.  Dentary  lateral  fossa  never  adjacent  to 
symphysis C.  honoriae 

3a  Midlateral  scales  29-33,  anus  3-5  scales  in  front  of  tips  of 


pelvic  fins;  gill  rakers  short  and  stumpy  but  never  tuber- 
culate;  interdorsal  pterygiophores  well  developed,  fifth 
ceratobranchials  very  close U.  capreoli 

3b  Midlateral  scales  always  30  or  less.  Gill  rakers  tuberculate 
or  less  than  half  diameter  of  pupil;  fifth  ceratobranchials 
fused,  interdorsal  pterygiophores  vestigial  or  absent 4 
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4a  Anus  always  in  front  of  tips  of  pelvic  fins;  gill  rakers 
tuberculate  and  tooth  plates  always  present  on  first 

lower  gill  arch;  interdorsal  pterygiophores  always  present  . . . . C.  pauciradiatus 

4b  Anus  always  behind  tips  of  pelvic  fins;  gill  rakers  never 
longer  than  half  diameter  of  pupil;  tooth  plates  not 
present  in  first  lower  gill  arch;  interdorsal  pterygiophores 

1-2  vestigial,  or  totally  absent G munroi 


Systematics 

Craterocephalus  munroi  sp.  nov. 

Figure  1 

Craterocephalus  marjoriae  — Ivantsoff  1978:  595  (in  part), 

Holotype 

AMS  1.27329-001,  34.3  mm  SL.  3 m seine  in  small  pools,  depths  to  1.5  m,  substrate  - mud 
and  rocks,  Bynoe  River,  Queensland,  collected  by  L.  Crowley  and  W.  Ivantsoff,  17  August 
1987. 

Paratypes 

Thirty-one  specimens:  AMS  1.27330-001  (14),  data  as  for  holotype;  QM  1.25026  (10), 
data  as  for  holotype;  WAM  P,29673-001  (5),  data  as  for  holotype;  BMNH  1988.3.10.1-5 
(5),  data  as  for  holotype;  USNM  293955  (5),  data  as  for  holotype;  AMS  1.27331-001  (2), 
Nicholson  River,  20  km  from  Burketown,  Queensland,  collected  by  H.  Midgley,  10  October 
1982.  Size  range  25-35.5  mm  SL.  Measurements  and  counts  for  the  holotype  and  29  para- 
types are  presented  in  Table  1. 

Material  examined  for  osteology  (not  designated  as  types):  MQU  1.403  (3),  Bynoe  River; 
MQU  1.295  (1),  Nicholson  River,  Queensland. 

Diagnosis 

A fluviatile/estuarine  species  of  Craterocephalus  most  closely  related  to  C. 
marjoriae  and  C.  marianae,  but  may  be  distinguished  from  those  species  by  the 
proportion:  pectoral  to  anus  in  SL  [2.7  (2.4-2.8)  v.  3.0  (2.8-3.4)]  and  by  trans- 
verse scale  count  [6-8  (usually  7)  v.  5.5] . Osteologically  C.  munroi  may  be 
distinguished  from  C.  marjoriae  and  C.  marianae  in  having  fifth  ceratobranchials 
fused  V.  unfused.  C,  munroi  differs  from  other  marine/estuarine  species  of  this 
genus  by  the  combination  of  the  following  characters:  origin  of  pectoral  to  anus, 
2. 4-2. 8 (2.7),  snout  to  origin  of  ventrals,  2. 0-2. 2 (2.1)  both  in  SL.  Dorsal  process 
of  premaxilla  1.4-1. 7 (1.6),  interorbital,  2. 9-3.5  (3.2)  both  in  eye.  Gill  rakers 
short,  almost  stumpy  or  tuberculate,  10-12  (usually  11).  Pectoral  fin  rays  12-14 
(usually  13-14),  anal  fin  rays  5-6  (usually  6).  Anus  at,  or  up  to  2 scales  behind 
tips  of  ventrals.  Transverse  scales  6-8  (usually  7).  Fifth  ceratobranchials  fused; 
urohyal  without  ventral  pocket  or  ventral  wings;  interdorsal  pterygiophores 
absent,  or  if  present,  vestigial.  Basibranchial  tooth  plate  absent.  Ribs  always 
visible  through  body  wall. 
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Description 

Robust  fish;  mouth  moderately  large,  lips  fusing  more  than  half  way  along 
premaxilla.  Premaxilla  never  reaching  vertical  through  anterior  margin  of  orbit, 
its  dorsal  process  shorter  than  in  following  species,  barely  reaching  interorbital 
space.  Body  scales  not  crenulated. 


Figure  1 Crater ocephalus  munroi,  holotype,  AMS  1.27329-001  (34.3  mm  SL),  Bynoe  River, 

Queensland. 

Colour:  Preserved  specimens  yellowish  to  creamy -grey.  Ribs  outlined  in  black  over 
dark  peritoneal  wall.  Midlateral  band  dark,  thin  at  dorsal  origin  of  pectoral  fin, 
becoming  wider  caudally,  then  breaking  up  into  separate  spots  at  hypural  joint. 
Dorsal  surface  of  head,  lips,  snout  and  opercles  peppered  with  chromatophores. 
Midventral  surface  usually  dark  from  origin  of  pectoral  fins  to  vent;  row  of  chro- 
matophores from  origin  of  anal  fin  to  base  of  caudal.  Upper  scale  pockets  above 
midlateral  band  outlined  with  chromatophores.  Fin  rays  of  anal,  dorsal  and 
caudal  also  lightly  pigmented.  Live  specimens  variable,  with  abdomen,  opercle 
and  eye  silvery  or  dull  brown.  Peritoneal  cavity  well  outlined  by  silvery  or  brown 
membrane.  Midlateral  stripe  either  distinct  or  merging  with  silvery  abdomen. 
Intensity  of  chromatophores  over  dorsal  half  of  body  variable.  Fins  clear. 

Etymology 

Named  after  Mr  I.S.R  Munro  who  first  suspected  this  fish  to  be  new  and  who 
had  always  a special  interest  in  the  family  Atherinidae. 

Distribution 

C.  munroi  is  known  only  from  the  Norman,  Bynoe  and  Nicholson  Rivers  in 
the  southern  Gulf  of  Carpentaria.  The  salinity  at  Bynoe  River  at  the  time  of 
collection  was  15.5  parts  per  thousand.  It  is  presumed  that  these  fish  also  inhabit 
areas  of  tidal  influence  in  the  other  rivers. 

Remarks 

C.  munroi  is  distinct  from  the  marine/estuarine  species  (cf.  Tables  1 and  2). 
It  appears  to  be  allied  with  species  of  the  C.  eyresii  group  but  is  distinct  in  the 
following:  fifth  ceratobranchials  fused;  teeth  in  jaws  needle-like,  and  in  more 
than  one  row;  no  tooth  plates  present  on  first  lower  gill  arch. 
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Craterocephalus  mugiloides  (McCulloch) 

Figure  2 

Atherinichthys  punctatus  De  Vis,  1885:  869,  type  locality:  Cape  York,  Queensland,  11° 
48'S,  142°21'E. 

Atherina  mugiloides  McCulloch,  1913:  47  (replacement  name  iox  Atherinichthys  punctatus  — 
garded  as  preoccupied  by  Atherina  punctata  Bennett  1832);— McCulloch  1929:  108;— Jor- 
dan and  Hubbs  1919:  44;  — McCulloch  and  Whitley  1925:  140. 

Allanetta  punctata  — Whitley  1943:  135;  — Munro  1958:  100. 

Allanetta  mugiloides  — Schultz  1948:  22;  — Schultz  et  al.  1953:  298;  — Taylor  1964:  134; 

- Smith  1965:  621;  - Ivantsoff  1978:  338. 

Craterocephalus  (Allanetta)  mugiloides  — Patten  1978:  110. 

Material  examined 

Cape  York,  Queensland,  holotype  of  Atherinichthys  punctatus,  QM  1.142;  paratypes  AMS  I. 
357  (2),  locality  as  for  holotype.  Other  specimens:  Lindeman  Island,  Queensland,  AMS  lA. 
6301  (1),  AMS  IA.6760  (2),  AMS  IB. 7089  (1);  Groote  Eylandt,  Northern  Territory,  AMS 
1.15652-001  (1);  AMS  1.15652-003  (2);  Broome,  Western  Australia,  MQU  75-23  (10);  Port 
Hedland,  WA,  MQU  75-24  (10);  Point  Samson  (Roeburne),  WA,  MQU  75-25  (7);  Coral  Bay, 
WA,  MQU  75-26  (8).  Size  range  31.4-57.6  mm  standard  length  (SL).  Forty-four  specimens 
were  used  for  measurements  and  counts  (holotype  excluded-poor  preservation). 

Material  examined  for  osteology:  Lindeman  Island,  Queensland,  AMS  IA.6076  (1);  Swan 
River,  Perth,  WA,  MQU  75-46  (4);  Point  Samson,  WA,  MQU  1.007  (3);  Port  Hedland,  WA, 
MQU  75-24  (3). 

Diagnosis 

An  estuarine  species  of  Craterocephalus  most  closely  related  to  C.  honoriae, 
but  distinguished  from  that  species  by  body  colour  and  the  presence  of  a black 
spot  at  the  base  of  the  pectoral  fin.  C.  mugiloides  also  differs  from  C.  honoriae 
in  the  proportion:  premaxillary  process  in  eye[1.2  (1.0-1.5)  v.  1.5  (1. 2*2.0)]. 
C.  mugiloides  differs  from  other  marine/estuarine  species  of  this  genus  by  a 
combination  of  the  following  characters  (range,  mode  in  brackets):  gill  rakers 
relatively  long,  about  half  diameter  of  pupil,  13-17  (usually  16)  pectoral  fin  rays 
11-14  (usually  12);  anal  rays  8-12  (usually  9);  midlateral  scales  33-37  (usually 
35).  All  other  measurements  and  counts  overlapping  with  other  species  (see  Table 
2).  Labial  ligament  inserted  adjacent  to  symphysis  of  dentary;  fifth  ceratobran- 
chials  shallow  triangles;  ethmoid  cartilage  often  persisting  in  palatine  facet; 
mesethmoid  present  in  all  populations  except  from  Swan  River. 

Description 

Robust  fish,  mouth  moderately  large,  lips  relatively  thin,  fusing  about  two- 
thirds  way  along  premaxilla.  Free  edge  of  premaxilla  slightly  convex  anteriorly 
and  relatively  straight  towards  angle  of  mouth.  Premaxilla  always  reaching  or 
beyond  vertical  through  anterior  margin  of  orbit;  lateral  process  of  premaxilla 
prominent.  Teeth  of  medium  size  in  two  rows  in  jaws.  Scales  on  larger  speci- 
mens usually  crenulated  on  posterior  edge. 
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I I 

1 cm 

Figure  2 Craterocephalus  mugiloides,  MQU  I.  421  (52.9  mm  SL),  Point  Samson,  W.A. 


Colour:  Preserved  specimens  from  dark  to  light  yellow  depending  on  length  of 
preservation.  Dark  brown  or  silvery  band  extending  from  origin  of  pectoral 
to  base  of  caudal  fin  and  expanding  slightly  at  base  of  caudal  rays.  Distribution 
of  chromatophores  on  body  variable  but  usually  with  concentration  of  pig- 
ment at  base  of  fins.  Black  blotch  at  lower  base  of  pectoral  fins  almost  always 
visible. 

Live  specimens  almost  translucent,  dorsal  surface  dusky  to  greeny  yellow  with 
chromatophores  at  edges  of  scales.  Distinct  concentration  of  pigment  along  mid- 
dorsal line  from  dorsum  of  head  to  caudal  fin.  Snout,  eye,  opercle,  preopercle 
and  belly  iridescent  or  silvery.  Wide  midlateral  band  either  silvery  or  olive  to 
golden  with  narrower  orange  band  above  it  from  origin  of  pectoral  fin  to  hy- 
pural  joint.  Black  spot  below  pectoral  base  very  obvious.  Eastern  populations 
more  silvery  than  those  from  Western  Australia. 

Distribution 

Both  marine  and  estuarine  with  a range  extending  from  Mandurah,  south  of 
Perth  in  Western  Australia  (Potter  et  al.  1986),  along  the  entire  coast  of  northern 
Australia  to  Clearview,  125  km  south  of  Mackay,  Queensland,  also  off  islands 
in  the  Gulf  of  Carpentaria  and  north-east  Queensland.  Often  schooling  together 
with  C capreoli  in  Western  Australia  and  Northern  Territory. 

Craterocephalus  honoriae  (Ogilby) 

Figure  3 

Atherina  honoriae  Ogilby,  1912:  42,  type  locality:  Nerang  Creek,  Queensland,  28°12^S,  153° 
14'E. 

Craterocephalus  honoriae  — Jordan  and  Hubbs  1919:  45;  — McCulloch  and  Whitley  1925: 
140;  - McCulloch  1929:  110. 

Stenatherina  honoriae  — Schultz  1948:  22;  — Munro  1958:  103;  — Thomson  1959:  365. 

Material  examined 

Nerang  Creek,  Queensland,  holotype:  QM  1.598;  paratypes:  AMS  1.12461  (3).  Other  speci- 
mens: Stradbroke  Island,  Queensland,  AMS  IB. 1340  (1);  Toukley,  NSW,  AMS  IB. 1410  (1); 
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Tuggerah  Lakes,  NSW,  MQU  70-49a  (10);  Smith’s  Lake,  near  Myall  Lake,  NSW,  AMS  1.15321- 
006  (12).  Size  range  22-43.6  mm  SL.  Twenty-eight  specimens  used  for  measurements  and 
counts. 

Material  examined  for  osteology:  Unregistered  specimens  (5),  Smith’s  Lake,  NSW. 

Diagnosis 

A hardyhead  of  estuaries  or  coastal  lakes  most  closely  related  to  C.  mugiloides, 
but  differing  from  that  species  by  absence  of  black  spot  at  base  of  pectoral  fin 
and  in  the  proportion;  length  of  premaxillary  process  in  eye  [1.5  (1.2-2.0)  v.  1.2 
(1.0-1. 5)].  Osteologically  C.  honoriae  differs  from  C.  mugiloides  by  the  smaller 
lateral  process  on  the  premaxilla.  C.  honoriae  differs  from  all  other  marine/estu- 
arine Craterocephalus  by  the  combination  of  the  following  characters:  snout 
1. 3-1,9  (1.5),  premaxilla  1.0-1. 6 (1.3)  both  in  diameter  of  eye.  Midlateral  scales 
33-36  (usually  33);  gill  rakers  less  than  half  diameter  of  pupil  12-15  (usually 
13)  (see  Table  2).  Teeth  always  present  on  mesopterygoid  and  frequently  present 
on  vomer.  Posterior  process  of  pelvic  girdle  very  short. 

Description 

Slender  fish;  mouth  small.  Lips  thin,  fusing  two-thirds  way  along  premaxilla. 
Teeth  well  developed  on  both  jaws.  Premaxilla  almost  reaching  vertical  through 
anterior  margin  of  eye  or  in  some  specimens  slightly  beyond.  Dorsal  process  of 
premaxilla  marginally  shorter  than  in  other  marine /estuarine  species.  Scale  crenu- 
lation,  if  present,  almost  imperceptible.  Anus  just  in  front  or  up  to  two  scales  in 
front  of  ventral  tips. 


Figure  3 Craterocephalus  honoriae,  MQU  I.  291  (32.6  mm  SL),  Currarong,  N.S.W. 


Colour:  Preserved  specimens  varying  from  light  brown  with  dark  midlateral 
band  (from  pectoral  fin  to  base  of  caudal  fin)  in  old  specimens,  to  pale  or  silvery 
yellow  in  fresh  or  recently  preserved  material.  Silvery  sheen  lost  soon  after  death. 
Eyes  and  opercle  silvery;  interorbital  region  and  dorsal  surface  of  body  darkly 
pigmented.  Some  specimens  with  row  of  chromatophores  directly  below  mid- 
lateral band.  Live  specimens  dark  yellow  to  greenish  brown.  Edges  of  scales  above 
midlateral  band  outlined  by  chromatophores.  Bases  of  unpaired  fins  dark.  Opercle, 
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eye  and  abdomen  often  silvery.  Midlateral  band  silvery  or  gold.  Silvery  perito- 
neum over  abdominal  cavity  usually  visible  through  skin. 

Distribution 

Appears  to  be  exclusively  estuarine,  occurring  on  the  eastern  coast  of  Aust- 
ralia from  Norwa  (Currarong)  in  southern  New  South  Wales  to  Moreton  Bay  in 
southern  Queensland.  Often  schools  together  with  another  atherinid,  Atheri- 
nosoma  microstoma,  in  the  southern  half  of  its  range. 

Craterocephalus  capreoli  Rendahl 
Figure  4 

Craterocephalus  capreoli  Rendahl,  1922:  175,  type  locality,  Roebuck  Bay,  Western  Australia, 
17°59'S,  122°15'E;  - McCulloch  1929:  109;- Whitley  1943:  135;  - Munro  1958:  102. 

C.  anticanus  Whitley,  1955:  159,  type  locality:  Roebuck  Bay,  Western  Australia;  — Munro 
1958: 102. 

C.  pauciradiatus  — Taylor  1964:  136;  — Ivantsoff  1978:  237;  — Patten  1978:  15. 

C.  capreolus  — Pethon  1969:  6. 

Material  examined 

Roebuck  Bay,  Western  Australia,  holotype  of  C.  capreoli  ZMUO  J993,  paratype  BMNH 
1922.1.14.1  (1);  Shark  Bay,  Western  Australia,  holotype  of  C.  anticanus  AMS  IB. 282;  para- 
types  of  C.  anticanus  AMS  IB. 283-289  (7);  Abrolhos,  Western  Australia,  AMS  IB. 1628  (3), 
AMS  IB. 1633  (5);  Cape  Peron,  Shark  Bay,  Western  Australia,  AMS  IB. 1639  (6);  AMS  IB. 
1654  (1).  Other  specimens:  Cape  Peron,  Shark  Bay,  Western  Australia,  AMS  IB. 1640  (2); 
Hamelin  Pool,  Shark  Bay,  Western  Australia,  MQU  74-18  (10);  Nightcliff,  Darwin,  Northern 
Territory,  AMS  1.15655-001  (1);  Yirrkalla,  near  Cape  Arnhem,  Northern  Territory,  AMS  I. 
15653-002  (2);  Eighty  Mile  Beach,  Western  Australia,  DR  1969-77  (1);  Mandu  Mandu  Creek, 
Western  Australia  AMS  1.17725-001  (9),  DR  1969-56  (21);  Point  Samson,  Western  Aust- 

ralia MQU  75-18  (2);  Broome,  Western  Australia,  MQU  75-23a  (11);  Lake  McLeod,  Western 
Australia,  MQU  76-9  (7);  Exmouth  Gulf,  Coral  Bay,  Western  Australia,  MQU  75-26  (9).  Size 
range  30-69.9  mm  SL,  Of  above,  43  specimens  were  used  for  measurements  and  counts. 

Material  examined  for  osteology:  Unregistered  specimens,  Broome,  Western  Australia  (2), 
Port  Hedland,  Western  Australia  (2). 

Diagnosis 

An  estuarine  species  of  Craterocephalus  most  closely  related  to  C.  paucirodi- 
atusy  but  distinguished  from  that  species  by  shape  and  number  of  gill  rakers 
[10-13  (usually  11-12)  never  tuberculate  v.  8-9  (usually  9)  tuberculate] . Osteo- 
logically  C.  capreoli  may  be  distinguished  from  C.  pauciradiatus  by  the  fifth 
ceratobranchials,  not  fused  v.  fused.  C.  capreo/z  differs  from  the  other  marine/estu- 
arine species  of  Craterocephalus  by  a combination  of  the  following  characters: 
midlateral  scales  29-33  (usually  31);  vertebrae  30-35  (usually  32).  Gill  rakers 
short  but  not  tuberculate,  10-13  (usually  11-12);  anus  3-5  (usually  4)  scales  in 
front  of  tips  of  ventral  fins  (see  Table  2).  Anterior  process  of  articular  reaching 
into  Meckelian  fossa  of  dentary;  epiotic  crest  with  two  fingerlike  projections 
posteriorly,  large  fifth  ceratobranchials  very  close  but  never  fused. 
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Description 

Moderately  robust  fish;  mouth  with  relatively  thin  lips,  point  of  fusion  of 
lips  varying  from  half  to  two-thirds  way  along  premaxilla.  In  most  specimens 
premaxilla  reaching  vertical  through  anterior  edge  of  orbit;  dorsal  process  of 
premaxilla  long  and  moderately  narrow.  Teeth  in  upper  and  lower  jaws  in  two 
rows,  small  but  conspicuous,  other  bones  edentulate.  Posterior  edge  of  body 
scales  irregular  in  larger  fish.  Anus  almost  at  base  of  ventral  fins. 


I 

1 cm 


Figure  4 Craterocephalus  capreoli,  MQU  I.  414  (41.6  mm  SL),  Beach  at  Exmouth,  Ex- 
mouth  Gulf,  W.A. 

Colour:  Preserved  specimens  variable  but  usually  pale  to  sandy  yellow  with 
silvery  midlateral  band  extending  from  pectoral  fin  to  hypural  joint.  Scales 
above  midlateral  band  edged  with  chromatophores.  Live  specimens  pale  green 
or  yellow,  with  silvery  abdomen  and  midlateral  band;  body  often  with  irides- 
cent sheen. 

Distribution 

A wide  ranging,  essentially  marine  species,  extending  from  Abrolhos  Islands, 
Western  Australia,  to  the  Gulf  of  Carpentaria,  Northern  Territory.  Capable  of 
withstanding  high  salinities.  Lenanton  (1977)  reported  collections  from  Shark- 
Bay,  with  salinity  as  high  as  53-56  parts  per  thousand.  C.  capreoli  has  been 
collected  together  with  C.  mugiloides,  C.  pauciradiatus  and  Atherinomorus 
endrachtensis,  in  various  localities  in  Western  Australia. 


Craterocephalus  pauciradiatus  (Gunther) 
Figure  5 


Atherina  pauciradiata  Giinther,  1861:  401,  type  locality:  ‘northwest  coast  of  Australia’;- 

Craterocephalus  pauciradiatus  — Jordan  and  Hubbs  1919:  46;  — McCulloch  1929:  110,  — 
Whitley  1943:  135;  — Munro  1958:  102. 
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Material  examined 

Northwest  coast  of  Western  Australia,  syntype  BMNH  1855.9.19.1513  (1).  Other  speci- 
mens: Exmouth  Gulf,  southern  end  of  Bay  of  Rest,  Western  Australia,  MQU  1.202  (19);  Clea- 
verville  Creek,  Western  Australia,  MQU  1.308  (2),  MQU  1.309  (6),  MQU  1.310  (2).  Size  range 
25.9-50  mm  SL.  Twenty-nine  specimens  were  used  for  measurements  and  counts,  syntype 
excluded. 

Material  examined  for  osteology:  MQU  1.202  (3),  Exmouth  Gulf,  southern  end  of  Bay  of 
Rest,  Western  Australia. 

Diagnosis 

A robust  estuarine  species  of  hardyhead  most  closely  related  to  C.  capreoli, 
but  distinguished  from  that  species  by  the  gill  rakers  [tuberculate,  8-9  (usually 
9)  V.  10-13  (usually  11-12)  never  tuberculate].  Osteologically  C.  pauciradiatus 
differs  from  C.  capreoli  in  having  fifth  ceratobranchials  fused  v.  unfused.  C. 
pauciradiatus  differs  from  other  marine  and  estuarine  species  of  Craterocephalus 
by  a combination  of  the  following:  greatest  body  depth  in  SL  3. 8-4. 5 (4.1): 
eye  in  head  3. 2-3. 5 (3.3).  Midlateral  scales  27-30  (usually  29),  vertebrae  30-32 
(usually  31).  Gill  rakers  very  short  and  tuberculate,  8-9  (usually  9).  Second 
dorsal  fin  rays  4-5  (usually  5)  (see  Table  2).  Fifth  ceratobranchials  fused.  Uro- 
hyal  with  ventral  pocket.  Interdorsal  pterygiophores  present  but  vestigial. 

Description 

Most  robust  of  the  marine /estuarine  fish;  mouth  moderately  large,  lips  rela- 
tively thick,  fusing  more  than  half  way  along  premaxilla.  Premaxilla  almost 
reaching  vertical  through  anterior  margin  of  orbit,  its  dorsal  process  extending 
into  interorbital  space.  Single  row  of  minute  teeth  in  upper  and  lower  jaws. 
Scales  large,  posterior  edge  irregular  on  lateral  surface  and  crenulated  on  dorsal 
surface  in  larger  specimens.  Anus  half  way  between  base  and  tips  of  ventral 
fins. 


1 cm 


Figures  Craterocephalus  pauciradiatus,  MQU  I.  412  (44.6  mm  SL),  Cleaverville  Creek, 
W.A. 

Colour:  Preserved  specimens  variable  from  creamy-grey  to  yellow.  Midlateral 
band  dark  or  silvery,  of  even  width  from  pectoral  fin  to  hypural  joint  but  break- 
ing up  into  conspicuous  chromatophores  at  caudal  fin  base.  Small  spots  on  each 


163 


New  species  of  Australian  Craterocephalus 


scale  in  one  or  more  scale  rows  below  midlateral  band  from  base  of  pectoral  fin 
to  about  origin  of  anal  fin.  Scales  above  midlateral  band,  dorsum  of  bead,  jaws 
and  opercle  peppered  with  chromatophores  to  various  degrees.  Horseshoe  shaped 
dark  band  immediately  behind  premaxilla  on  dorsum  of  snout.  Ventral  contour 
as  double  row  of  chromatophores  from  anus  to  base  of  caudal  fin.  Light  pig- 
mentation on  caudal,  first  and  second  dorsal  fins.  Live  specimens  greenish  yellow, 
midlateral  band  silvery  or  blackish  with  thin  greenish  iridescent  border  above. 
Abdomen  often  silvery,  peritoneal  lining  and  swimbladder  visible.  Opercle  and 
iris  silvery  or  iridescent  green.  Upper  half  of  body  and  all  fins  dusky. 

Distribution 

An  uncommon,  predominantly  marine  species,  recorded  only  from  about 
400  km  of  coastline  between  Exmouth  Gulf  and  just  north  of  Karratha,  in  Clea- 
verville  Creek,  Western  Australia.  The  species  is  poorly  known  and  has  been  con- 
fused with  C capreoli  (Taylor,  1964;  Ivantsoff,  1978)  until  recently.  C.  pauci- 
radiatus  has  been  collected  together  with  two  other  atherinids,  C.  capreoli  and 
Atherinomorus  endrachtensis. 

Additional  osteological  comparison  of  the  marine/estuarine 
species  of  Craterocephalus 

C.  mugiloides:  fifth  ceratobranchials  narrow,  shallow  triangles,  not  closely  joined; 
basibranchial  tooth  plate  present.  Dentary  narrow;  anterior  of  dentary  deep; 
labial  ligament  extending  to  symphysis.  Anterior  process  of  articular  not  reach- 
ing Meckelian  fossa.  Teeth  often  present  on  mesopterygoid.  Epiotic  crest 
small;  urohyal  ventral  wings  small.  Interdorsal  pterygiophores  (5-6)  well  deve- 
loped. Ethmoid  cartilage  persisting  in  palatine  facet  in  some  specimens. 

C.  honoriae:  fifth  ceratobranchials  large,  triangular  but  not  closely  joined;  basi- 
branchial tooth  plate  present.  Dentary  narrow;  anterior  dentary  shallow ; labial 
ligament  not  reaching  symphysis.  Anterior  process  of  articular  not  reaching 
Meckelian  fossa.  Teeth  always  present  on  mesopterygoid.  Epiotic  crest  small; 
urohyal  ventral  wings  small.  Interdorsal  pterygiophores  (5-6)  well  developed. 
Ethmoid  cartilage  never  present  in  palatine  facet. 

C.  capreoli:  fifth  ceratobranchials  large,  triangular,  very  close  but  not  joined; 
basibranchial  tooth  plate  present.  Dentary  broad;  anterior  dentary  shallow, 
labial  ligament  not  reaching  symphysis.  Anterior  process  of  articular  extend- 
ing into  Meckelian  fossa.  Teeth  absent  on  mesopterygoid.  Epiotic  crest  with 
usually  two  finger-like  posterior  projections.  Urohyal  ventral  wings  small. 
Interdorsal  pterygiophores  (4)  well  developed;  no  ethmoid  cartilage  in  pala- 
tine facet. 

C.  pauciradiatus:  fifth  ceratobranchials  fused;  basibranchial  tooth  plate  present. 
Dentary  broad;  anterior  dentary  shallow;  labial  ligament  almost  reaching 
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symphysis.  Anterior  process  of  articular  not  reaching  Meckelian  fossa.  Teeth 
absent  on  mesopterygoid.  Epiotic  crest  with  bladelike  posterior  projection. 
Urohyal  ventral  wings  large.  Interdorsal  pterygiophores  (5)  small  to  vestigial. 
No  ethmoid  cartilage  in  palatine  facet. 

C.  munroi:  fifth  ceratobranchials  fused;  basibranchial  tooth  plate  absent.  Dentary 
broad;  anterior  dentary  shallow.  Labial  ligament  not  reaching  symphysis. 
Anterior  process  of  articular  not  reaching  Meckelian  fossa.  Teeth  absent  on 
mesopterygoid.  Epiotic  crest  extending  backwards  as  triangular  projection. 
Urohyal  ventral  wings  small.  Interdorsal  pterygiophores  absent  or  if  present 
(1-2),  vestigial.  No  ethmoid  cartilage  in  palatine  facet. 


Systematic  relationships  of  the  marine/estuarine  species  of 

Cratero  cephalus 

Although  the  status  of  the  genus  Cratero  cephalus  has  never  been  questioned 
since  its  description  by  McCulloch  in  1913,  there  had  not  been  a systematic 
study  of  relationships  of  the  members  of  the  genus  until  Ivantsoff’s  and  Patten’s 
studies  in  1978.  Patten  defined  the  genus  on  the  basis  of  the  following  unique 
characters:  anterior  arms  of  lateral  ethmoids  converging  anteriorly,  forming 
strong  joint  with  either  side  of  vomer,  usually  excluding  ethmoid  cartilage  from 
palatine  facet;  mesethmoid  absent  or  reduced  to  small  rudiment;  premaxilla 
with  slender  dorsal  process,  distal  end  of  alveolar  arm  broad;  ethmomaxillary 
ligament  absent;  nasal  with  distinct  palatine  process  for  palatine-nasal  ligament; 
coronoid-premaxilla  ligament  present;  parasphenoid  only  superficially  embedded 
in  basioccipital. 

Patten  (1978)  suggested  that  Cratero  cephalus  honoriae  was  the  most  primitive 
member  of  the  genus  and  was  probably  closest  to  the  hypothetical  ancestor  of 
the  group.  C.  capreoli  (identified  as  C.  pauciradiatus)  was  considered  to  be  more 
advanced  but  not  necessarily  more  related  to  any  of  the  other  species  of  the 
genus.  Although  he  placed  C.  pauciradiatus  (at  the  time  identified  as  Cratero- 
cephalus  sp.)  into  the  stercusmuscarum  group  he  noted  that  it  essentially  was 
most  similar  to  C.  capreoli  and  C.  honoriae  except  for  the  pharyngeal  mechanism. 
The  present  study  shows  that  all  of  the  species  above,  as  well  as  C.  mugiloides, 
share  the  presence  of  posterior  basibranchial  tooth  plate  whilst  the  posterior 
angle  of  the  coracoid  is  at  the  level  of  the  ventral  end  of  the  cleithrum  (Figure 
6).  These  features  are  also  shared  with  the  freshwater  atherinid  Cratero  cephalus 
stramineus  (=  Quirichthys  stramineus  Whitley,  1950  — the  status  of  this  fresh- 
water species  is  currently  under  investigation). 

Although  C.  mugiloides  has  several  unique  features  — labial  ligament  extending 
to  symphysis  of  dentary,  persistence  of  ethmoid  cartilage  in  some  adults  and  a 
small  ethmoid  ossification  in  about  half  of  the  specimens  — Patten  (1978)  could 
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Figure  6 


Pectoral  girdles  of  a)  C.  s.  stercusmuscarum,  b)  C.  marianae,  c)  C.  stramineus 
and  d)  C.  pauciradiatus,  to  show  the  three  basic  shapes  of  coracoid.  All  species  ot 
the  C.  stercusmuscarum  group  are  similar  to  a);  all  C.  eyresii  species  members 
have  pectoral  girdles  similar  to  b);  all  the  C.  honoriae  species  group  as  well  as 
C.  stramineus  are  similar,  c)  and  d). 


C.  s.  fulvus 

— C.  s.  stercusmuscarum 

C.  randi 

I C.  lacustris 

~~  1 - C nouhuysi 

“ C.  dalhousiensis 

C.  lentiginosus 

C.  honoriae 

I 1_ C.  mugiloides 

I C.  capreoli 

C.  pauciradiatus 

... C eyresii 

I C.  marjoriae 

1 C.  marianae 

I C helenae 

I " C.  cuneiceps 

C.  munroi 

C kailolae 

Figure  7 Ouster  analysis  of  all  Craterocephalus  species  (excluding  C.  stramineus)  to  m 
dicate  the  three  species  groups. 
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find  no  advanced  characters  to  define  Allanetta  as  a separate  genus.  There  appears 
to  be  no  justification  to  separate  this  species  into  a subgenus  (Patten  1978)  or  a 
genus  of  its  own  since  it  shares  all  other  characters  on  the  basis  of  which  Cratero- 
cephalus  is  diagnosed.  The  honoriae  group  therefore  includes  all  of  the  mar- 
ine/estuarine species  with  the  exception  of  C.  munroi.  On  the  basis  of  other 
characters,  two  pairs  of  sister  species  can  be  recognised  within  the  honoriae 
group  (see  Table  3).  A cluster  analysis,  based  on  osteology,  of  all  Craterocephalus 
species  (excluding  C.  stramineus)  showing  the  three  major  species  groups  and 
relationships  within  those  groups  is  presented  in  Figure  7.  C.  honoriae  and  C. 
mugiloides  have  characters  which  are  considered  most  primitive  (e.g.  mesoptery- 
goid  and  vomerine  teeth,  wide  separation  of  fifth  ceratobranchials)  for  the  genus. 

Table  3 Osteological  characters  shared  by  the  two  marine/estuarine  species  pairs  of  Cratero- 
cephalus. Species  pair  A (C.  honoriae,  C.  mugiloides);  species  pair  B fC.  capreoli, 


C.  pauciradiatus). 

Character  Species  pair 

Teeth  usually  present  on  vomer,  mesopterygoid  A 

Teeth  never  present  on  vomer,  mesopterygoid  B 

Anterior  dentary  narrow  A 

Anterior  dentary  broad  B 

Epiotic  crest  small  A 

Epiotic  crest  large,  fingerlike  B 

Dorsal  process  of  cleithrura  pointed  A 

Dorsal  process  of  cleithrum  blunt  B 

Gill  rakers  nearly  half  diameter  of  pupil,  never  less  than  12  A 

Gill  rakers  short  or  tuberculate,  always  less  than  13  B 


C.  munroi  has  no  basibranchial  tooth  plate,  vomerine  or  mesopterygoid  teeth 
and  the  interdorsal  pterygiophores  are  usually  absent.  The  fusion  of  the  fifth 
ceratobranchials  and  the  reduction  of  the  pelvic  girdle  medial  wing  suggests 
that  C.  munroi  is  an  advanced  member  of  the  C.  eyresii  group. 

The  distribution  of  the  species  pair  C.  mugiloides  and  C.  honoriae  suggests 
that  divergence  between  these  species  must  have  occurred  during  periods  of 
emergence  of  the  Torres  land  bridge  when  ancestral  populations  could  have  been 
separated  for  long  periods  ( Eocene /Oligocene  or  more  recently  during  Plio- 
Pleistocene  [see  Dow  1977]),  and  prior  to  the  present  Torres  Strait /Arafura 
Sea  transgression.  The  divergence  between  the  marine  and  freshwater  species 
of  this  genus  may  have  occurred  in  early  Tertiary,  although  some  authors  con- 
sider that  speciation  of  Australian  freshwater  fishes  may  be  of  recent  origin 
(Whitley  1959;  Allen  and  Cross  1982).  An  electrophoretic  study  of  all  Cratero- 
cephalus species  from  Australia  and  New  Guinea  (including  the  closely  related 
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C.  randi  and  C s,  stercusmuscarum)  currently  under  way,  should  provide  some 
evidence  of  the  recency  or  otherwise  of  divergence  of  some  of  the  species.  Other 
systematic  studies  of  the  genus  Craterocephalus  are  in  progress  and  some  of 
this  work  is  already  reported  (Ivantsoff  et  aL  1987b). 
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A new  species  of  calanoid  copepod  from  Shark  Bay, 

Western  Australia 

A.  David  McKinnon*  and  William  J.  Kimmererf 


Abstract 

A new  species  of  calanoid  copepod,  Centropages  halinus  from  hypersaline  waters 
of  Shark  Bay,  Western  Australia  is  described.  The  new  species  is  most  closely 
related  to  C.  orsinii,  which  also  occurs  in  Shark  Bay. 

Introduction 

Centropagid  copepods  are  very  important  in  Australian  coastal  waters,  spanning 
the  full  range  of  aquatic  habitats,  including  inland  saline,  fresh  water,  estuarine 
and  marine  (Bayly  1964,  McKinnon  and  Arnott  1985).  Of  the  nine  centropagid 
genera,  only  Sinocalanus  and  Limnocalanus  are  not  represented  in  Australia. 
This  paper  describes  a new  species  of  the  marine  genus  Centropages,  taken  in 
a survey  of  the  planktonic  communities  of  Shark  Bay,  a hypersaline  marine 
embayment  (Kimmer  et  al.  1985). 

Centropages  at  present  comprises  27  valid  species  (Razouls  1982),  of  which 
only  six  have  been  recorded  from  Australian  waters  (C,  australiensis,  C.  bradyi, 
C.  cahmnus,  C.  furcatus,  C.  gracilis,  C.  orsinii),  though  three  additional  species 
occur  in  adjacent  waters  (C.  aucklandicus,  C.  elongatus  ^nd  C.  violaceus).  Vervoort 
(1964)  commented  that  the  genus  was  badly  in  need  of  revision,  and  split  the 
species  into  groups  based  on  the  shape  of  the  last  metasomal  segment,  abdomen, 
morphology  of  leg  5 and  the  male  antennule  (Vervoort  pers.  comm.).  The  only 
subsequent  attempt  at  synthesising  the  taxonomy  of  the  genus  is  in  Razouls’ 
1982  listing  of  the  pelagic  copepod  genera. 

We  took  plankton  samples  by  obliquely  hauling  a 50  cm  diameter  100  pm 
plankton  net  from  bottom  to  surface;  station  numbers  are  those  of  Kimmerer 
et  al.  1985.  Samples  were  preserved  in  dilute  formalin  and  animals  subsequently 
placed  in  lactic  acid  and  drawn  using  a Wild  M20  phase  contrast  microscope 
and  camera  lucida.  We  dissected  the  animals  in  lactic  acid  and  mounted  them 
in  polyvinyl  lactophenol  on  microslides.  Armament  formulae  are  presented 
from  basis  to  most  distal  segment,  and  for  swimming  legs  as  outer  margin  first; 
roman  numerals  indicate  spines,  arabic  numerals  setae.  Material  is  deposited 
in  the  Western  Australian  Museum  (WAM),  Perth. 


* Australian  Institute  of  Marine  Science,  P.M.B.  No.  3,  Townsville  M.C.,  Queensland  4810. 
t Biosystems  Analysis  Inc.,  Golden  Gate  Energy  Center,  Bldg  1065  Ft  Cronkhite,  Sausalito, 
Ca  94965,  U.S.A. 
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Systematics 

Centropages  halinus,  sp.  nov. 
Figures  1 and  2 


Holotype 

Female,  1.03  mm,  WAM  1-88  (on  slide).  Shark  Bay  Stn  13,  near 
113°57.8'e)  13  June  1983. 


Faure  Sill  (25°45.1^S, 


Allotype  ,1. 

Male,  1.03  mm,  WAM  2-88  (with  1 slide).  Type  locality. 


Paratypes 


Tvpe  locality  WAM  3-88  (male,  1.06  mm,  on  slide),  WAM  4-88  (male,  1.10  mm,  on  slide), 
.M  sis  (3  females.  3 males).  Shark  Bay  Stn  10  (25°39.9'S,  113°48.2'E),  Shark  Bay  Stn 


WAM 


14725® 48  5’s  114°0i’.9'E),  11  June  1983,  WAM  6-88  (one  female),  WAM  7-88  (one  female), 
WAM  8-88  (ot  male,  on  slide).  Shark  Bay  Stn  8 (25®39.3'S,  1 13®39.9'E),  7 June  1983,  WAM 
9-88  (one  female),  WAM  10-88  (one  male,  1.12  mm,  on  slide).  Shark  Bay  Stn  11  (25  44.5 
S,  113°46.7'E),  14  June  1983,  WAM  11-88  (female,  on  slide),  WAM  12-88  (female,  0.96  mm 


on 


slide). 


Diagnosis  i • - u 

Centropages  orsinii  Giesbrecht,  1899  and  C.  hahniis  are  the  only  species  in  the 

genus  with  2-segmented  endopods  on  legs  1 to  3.  These  species  are  also  similar  in 
having  the  posterior  margins  of  the  prosome  drawn  into  blunt,  nearly  symmetrical 
points,  a character  shared  by  only  one  other  species,  C.  sinensis  Chen  and  Zhang, 
1965.  C.  halinus  differs  from  C.  sinensis  in  that  C.  sinensis  females  have  a large 
asymmetrical  lobe  on  the  genital  complex  in  dorsal  view,  and  males  have  the  right 
leg  5 with  two  terminal  processes,  as  opposed  to  only  one  in  C.  halinus.  The 
genital  complex  of  the  female  of  C.  orsinii  has  a ventral  spiniform  process  not 
present  in  C.  halinus,  and  the  leg  5 exopod  is  more  robust.  Males  of  C.  orsinu 
have  a long  terminal  process  on  the  left  leg  5 exopod  2,  whereas  C.  halinus  has  a 
short  spine. 


Female:  Body  (Figure  la,  b)  1.03  mm  long  (total  length)  comprising  cephalo- 
some  and  5 thoracic  segments.  Pediger  5 drawn  posteriorly  into  points.  Urosome 
(Figure  Ic)  3-segmented,  glabrous  except  for  patch  of  hairs  on  right  lateral 

margin  of  genital  complex. 

Antennules,  antennae  and  mouthparts  similar  in  form  to  those  oi  other  species 
of  Centropages.  Antennule  24-segmented,  bearing  a marginal  thorn  on  the  an- 
terior of  each  of  segments  2,  3 and  5.  Antenna  comprises  coxa  with  1 seta,  basis 
with  2 setae,  2-segmented  endopod  with  2,4  setae  and  7-segmented  exopod 
with  1 3, 1,1, 1,1,4  setae.  Mandible  palp  coxa  with  4 setae,  endopod  2-segmented 
with  4,9  setae,  exopod  4-segmented  with  1,1, 1,3  setae.  Maxillule  first  outer 
second  with  3,  third  with  four.  Fused  basis  and  endopod  segments  with  9 setae. 


172 


A.  David  McKinnon  and  William  J.  Kimmerer 


single  distinct  endopod  segment  with  5 setae.  Lobe  representing  exopod  with 
9 setae.  Maxilla  2-segmented,  basal  segment  with  4 lobes  bearing  5, 3, 3, 3 setae 
respectively.  Terminal  segment  of  2 lobesbearing  3,8  setae.  Maxilliped  7-segmented, 
with  setal  armature  (basis  first)  10,3,5,4,3,4,5. 

Exopods  of  all  legs  3-segmented  (Figures  Id-h),  endopods  of  legs  1 to  3 2- 


segmented,  of  legs  4 and  5 3-segmented. 
as  follows: 

Swimming  legs  with  armament  formulae 

Leg  1 

Coxa  0-1 

Basis  0-1 

Exopod 

Endopod 

1-1,1-1,11-1-4 

0-3,  1-2-3 

Leg  2 

Coxa  0-1 

Basis  0-0 

Exopod 

Endopod 

1-1,11, 111-1-5 

0-3,  2-2-4 

Leg  3 

Coxa  0-1 

Basis  0-0 

Exopod 

Endopod 

1-1,  1-1, 111-1-5 

0-3,  2-2-4 

Leg  4 

Coxa  0-1 

Basis  0-0 

Exopod 

Endopod 

1-1,  1-1,  111-1-5 

0-1, 0-2,  2-2-3 

Leg  5 

Coxa  0-0 

Basis  0-0 

Exopod 

Endopod 

1-0, 1-0, 11-1-4 

0-1, 0-1,  2-2-2 

Female  leg 

5 (Figure  Ih)  with  typical  centropagid  ensiform  process  produced 

from  inner  margin  of  exopod  2.  Process  denticulate  at  distal  extremity. 

Male:  Body  (Figure  2a)  1.03  mm  long,  similar  to  female,  but  with  urosome 
4-segmented.  Antennule  24-segmented  on  left  side,  22-segmented  on  right,  geni- 
culate between  segments  18  and  19.  Segments  17,18  with  row  of  spin ules  produced 
from  anterior  margin  (Figure  2b),  segment  19  with  complex  row  of  spinules 
on  proximal  1/3,  terminating  in  spine  lying  along  margin  of  segment. 

Legs  1-4  similar  to  those  of  the  female.  Leg  5 much  modified,  with  similar 
endopods  to  those  of  female.  Left  exopod  (Figures  2c,  d)  2-segmented,  first 
segment  carrying  single  outer  spine,  second  2 outer  spines  and  terminal  spine  with 
adjacent  inner  terminal  thorn.  Row  of  hairs  runs  length  of  segment  along  anterior 
face,  adjacent  to  inner  margin.  Right  exopod  also  2-segmented  (Figure  2c),  first 
segment  carrying  2 short  strong  spines  on  outer  distal  margin,  second  segment 
with  long  thick  curved  process  on  both  inner  proximal  margin  and  terminally. 
Small  strong  spine  at  base  of  terminal  process,  weaker  spine  a short  distance 
along  inner  face  of  process. 

Etymology 

The  specific  name  is  derived  from  the  Greek  for  ‘salt’  and  refers  to  the  high 
salinity  in  which  C halinus  was  found. 

Remarks 

C.  halinus  appears  most  closely  related  to  C.  orsinii  on  morphological  grounds, 
an  interesting  phenomenon  in  view  of  their  co-occurence  in  the  Shark  Bay  region. 
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Figure  2 Centropages  halinus  new  species.  Male  (a)  habitus,  dorsal;  (b)  segments  17,  18  and 
19  of  right  antennule;  (c)  leg  5,  posterior;  (d)  left  leg  5,  anterior. 

C.  orsinii  is  more  abundant  near  the  mouth  of  Shark  Bay,  though  it  was  recorded 
in  salinities  as  high  as  39.0  ppt.  (see  Kimmerer  et  al  1985,  Figure  1 and  Table 
3 for  details).  C.  halinus  appears  to  be  limited  to  the  hypersaline  inner  regions 
of  the  bay,  having  been  recorded  in  salinities  of  39.0  to  44.4  ppt. 

Irrespective  of  Vervoort’s  (1964)  listing  of  species  of  the  genus  Centropages, 
there  remain  in  usage  a number  of  synonymised  names.  These  are  in  the  main 
corrected  in  Razouls’  (1982)  listing.  They  are:  C.  arabicus  Cleve,  1904  (for  C. 
tenuiremis  Thompson  and  Scott,  1903),  C.  chilensis  Kr0yer,  1849  (C.  brachia- 
tus  Dana,  1849),  C.  discaudatus  Brady,  1872  (C  aucklandicus  Kramer,  1895), 
C lenicularis  Oliveira,  1945  (C.  furcatus  Dana,  1849),  C.  mcmurrichi  Willey, 
1920  (C  abdominalis  Sato,  1913),  C notoceras  Cleve,  1904  (C.  dorsispinatus 
Thompson  and  Scott,  1903),  C.  pacificus  Chiba,  1956  {C.  elongatus  Giesbrecht, 
1896),  and  C yamadai  Mori,  1934  (C.  tenuiremis  Thompson  and  Scott,  1903). 
Garcia-Rodriguez  (1985)  confirms  the  specific  status  of  C.  ponticus  Karawaew, 
1895  as  distinct  from  C.  kroyeri  Giesbrecht,  1892.  C.  velificatus  (Oliveira, 
1946)  was  listed  by  Razouls  (1982)  as  a synonym  of  C.  furcatus  Dana,  1849, 
but  Fleminger  and  Hulsemann  (1973)  describe  these  as  distinct  species,  with 
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the  former  endemic  to  the  Atlantic,  and  the  latter  Indo-Pacific.  C.  tenuicornis 
Brady,  1914  remains  a nomen  dubium.  Brodsy  (1967)  argued  that  C.  mcmurri- 
chi  should  be  used  in  preference  to  C.  abdominalis,  but  the  latter  clearly  has 
priority. 
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The  subspecies  of  Diplodactylus  spinigerus 
(Lacertilia:  Gekkonidae) 

G.M.  Storr* 

Abstract 

The  gecko  Diplodactylus  spinigerus  is  endemic  to  southern  Western  Australia.  It  is 
divisible  into  two  subspecies:  D.  s.  spinigerus  Gray  of  the  west  coast  and  /).  5. 
inornatus  subsp.  nov.  from  further  east. 


Introduction 

Diplodactylus  spinigerus,  a member  of  the  subgenus  Strophurus,  is  closely  related 
to  the  Diplodactylus  ciliaris  complex  (Storr  1988)  and  occupies  that  part  of 
Western  Australia  which  lies  to  the  west  and  south  of  the  southernmost  members 
of  the  complex,  namely  D,  assimilis  and  D,  intermedius  (see  Figure  1). 


Figure  1 Map  of  southern  Western  Australia  showing  location  of  specimens  of  D.  s.  spinigerus 
and  D.  s.  inornatus  and  of  southern  boundary  of  D.  ciliaris  complex. 


* Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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For  some  time  naturalists  have  been  aware  that  there  was  a considerable  geog- 
raphic gap  and  morphologic  difference  between  the  west  coast  and  wheat  belt 
populations  of  Z).  spinigerus.  However,  that  gap  (100-140  km  wide)  has  proved 
not  to  mark  the  boundary  between  the  two  forms.  The  present  revision  has  un- 
expectedly revealed  that  it  is  the  few  kilometres  between  the  top  and  bottom  of 
the  Darling  Scarp  that  separate  the  two. 

This  paper  is  based  on  specimens  in  the  Western  Australian  Museum  (R  prefix 
omitted  from  catalogue  numbers)  and  on  colour  slides  kindly  loaned  by  G.  Harold, 
R.E.  Johnstone,  M.  Peterson  and  B.  Maryan. 


Diplodactylus  spinigerus  spinigerus  Gray 
Figure  2 

Diplodactylus  spinigerus  Gray  1842,  Zoological  Miscellany,  p.  53.  Houtman  Abrolhos,  Western 
Australia. 

Diagnosis 

A subspecies  of  D.  spinigerus  with  a broad  black  median  stripe  on  back  and  tail. 
(The  species  is  distinguishable  from  all  other  Diplodactylus  by  the  combination 
of  two  rows  of  long  blackish  spines  on  tail  and  very  short  or  no  spines  above  eye.) 

Description 

Snout-vent  length  (mm):  25-74  (N  345,  mean  57.0).  Length  of  tail  (%SVL): 
55-80  (N  252,  mean  67.8). 

Nostril  surrounded  by  rostral  (median  groove  almost  always  complete),  2 supra- 
nasals  (first  much  the  larger  and  divided  in  2.6  per  cent  of  specimens),  1 (N  171) 
or  2 (50)  postnasals,  and  first  labial.  Internasals  0 (N  11),  1 (76),  2 (57),  3 (76) 
or  4 (2).  Upper  labials  11  (N  4),  12  (40),  13  (63),  14  (49),  15  (26)  or  16  (6); 
8-13  (mean  10.4)  to  middle  of  eye.  Under  side  of  digits  with  pair  of  large  apical 
plates,  followed  on  fourth  toe  distally  by  1 (N  1),  2 (0),  3 (4),  4 (63),  5 (53), 
6 (4)  or  7 (1)  transverse  lamellae,  and  proximally  by  1-4  (N  126,  mean  2.2)  rows 
of  subcircular  scales.  Pre-anal  pores  in  males,  2-9  (N  73  mean  5.6)  on  each  side. 

Spines  above  eye  short  or  absent,  usually  dark  brown  with  white  base.  Spines 
on  back  short,  highest  tending  to  form  two  fairly  regular  laterodorsal  rows,  usually 
black  or  dark  brown  and  with  a white  base.  Spines  on  tail  moderately  long  to 
long,  slender,  in  two  regular  laterodorsal  rows,  black  or  dark  brown  and  usually 
with  some  white  at  base.  Scales  between  caudal  spines  granular. 

Upper  and  lateral  surfaces  grey  except  for  broad,  white-dotted,  black  stripe, 
straight -edged  on  tail,  wavy-edged  on  back  and  sometimes  extending  irregularly 
on  to  head.  Iris  centrally  maroon  or  chestnut,  with  or  without  small  rounded  or 
large  angular  greyish  white  spots,  and  peripherally  a broad  pale  ring  (whitish  in 
Shark  Bay  area,  yellow  further  south).  Mouth  blue-black. 
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Figure  2 A Diplodactylus  spinigerus  spinigerus  from  Green  Head,  photographed  by  R.E. 
Johnstone. 

Distribution 

West  coast  and  hinterland  of  Western  Australia  from  Edel  Land  south  to 
beyond  Mandurah,  and  inland  to  Eurardy,  Bindoo  Hill,  Badgingarra,  Gingin  and 
Forrestfield.  Also  Bernier,  Dorre,  East  Wallabi,  West  Wallabi,  Lancelin,  Rottnest 
and  Garden  Is. 

Material 

North-west  Division  (WA ) 

Bernier  I.  (14116);  Dorre  I.  (46537,  57492);  Dirk  Hartog  I.  (42337,  44235,  44544,  45817, 
45867,  70811);  Steep  Point  (66217);  10  km  NW  Useless  Loop  (55196-201)  and  3 km  S (64940) 
and  4 km  S (54718,  54739,  54775-81)  and  6 km  S (56475-7);  False  Entrance  Well  (55153-66, 
66214-5,  81574,  82743-4);  2 km  S Zuytdorp  Point  (56490-3);  8 km  NW  Tamala  (15222-3). 

South-west  Division  (WA ) 

7 km  E Zuytdorp  wreck  (33921);  Gee  Gie  Outcamp  (34044);  Kalbarri  (34575)  and  7 km 
E (33513)  and  23  km  ESE  (33817-8,  33823-9)  and  20  km  SE  (33789)  and  8 km  S (33880) 
and  11  km  S (33697-700,  33735-8,  33749-51,  33756-7,  33764-5)  and  18  km  S (33758);  42  km 
N Galena  (55015,  56141)  and  37  km  N (56142)  and  4 km  N (21836);  19  km  NNW  Ajana 
(33648);  20  km  WSW  Binnu  (76394-6,  76414);  Port  Gregory  (73900);  16  km  N Yuna  (26640); 
Bindoo  Hill  Reserve  (48075);  Wallabi  Group  (189);  East  Wallabi  I.  (19366);  West  Wallabi  I. 
(15229-33);  12  km  N Northern  Gully  (15224);  Wicherina  (76388-9);  Geraldton  (18586, 
72925,  72928.  72973,  72981);  mouth  of  Greenough  River  (41656-7);  Burma  Road  Reserve 
(28°55'S,  115*01'E)  (76405-10,  96816);  Dongara  (7484)  and  7 km  E (64732);  14  km  WSW 
Mt  Adams  (69837);  3 km  E Coolimba  (72996);  Leeman  (73121)  and  3-13  km  N (22732-5, 
71999,  72982,  72990,  72997,  73096-7,  73105,  73110,  73123)  and  2-8  km  S (73101, 73108, 
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73122);  Stockyard  Gully  (30303-4);  10  km  S Eneabba  (78104-5);  Green  Head  (30288,  67808-9, 
86872-5,  86884)  and  5 km  E (49069-70);  Eatha  Spring  (48501);  4 km  NW  Mt  Peron  (49048, 
49050-3)  and  2 km  W (49144-55)  and  2 km  E (48433);  4 km  NW  Padbury  (48548-9)  and  5 km 
W (48467-8,  48472,  48481,49090-1)  and  6 km  S (48512-3);  Cockleshell  Gully  (31967,  48431); 
Mt  Lesueur  (11164-5);  near  Jurien  (15858,  29195-203,  30322,  59672-4,  57591)  and  10  km  S 
(54305);  Badgingarra  (62162)  and  22  km  S (55993);  Badgingarra  National  Park  (68689-710); 
8 km  NNE  Cervantes  (93148);  Lancelin  I.  (26604,  52094);  3 km  S Lancelin  (49974)  and  5 km 
S (93124);  Moore  River  (31080-2);  Moore  River  National  Park  (59413,  59415-6);  Gingin 
(21224);  6 km  E Guilderton  (59442);  Yanchep  National  Park  (26480-1, 47661,  59139,  59142, 
59151,  59153,  59208,  59439,  59451-3);  Muchea  (4371);  3 km  NNE  Bums  Beach  (83112-4, 
83135);  Melaleuca  Park  (59057,  59119,  59458);  Wanneroo  (78475);  3 km  N Mullaloo  (61748, 
61775);  Tuart  Hill  (4153);  North  Beach  (4766);  Guildford  (96993);  Scarborough  (48164-7); 
Wembley  Downs  (58814);  City  Beach  (29398);  Bold  Park  (90462-3,  90517);  Perth  (54267, 
54320-1);  Point  Resolution  (53713);  Swanbourne  (75670);  Mosman  Park  (39737,  94401); 
Rottnest  I.  (2854,  2914-5,  3283-93,  3718,  3720,  15235-40,  39652,  96997);  Forrestfield 
(4570);  Garden  I.  (207,  3313,  4575,  33376-7,  88054-5);  Yalgorup  National  Park  (73583-4). 


Diplodactylus  spinigerus  inornatus  subsp.  nov. 

Figures  3 and  4 


Holotype 

78354  in  Western  Australian  Museum,  collected  by  B.G.  Muir  on  17  November  1980  in 
Frank  Hann  National  Vaxk  (32^58^5,  120°06'E),  Western  Australia. 

Paratypes 

The  88  specimens  listed  under  Material. 

Diagnosis 

A subspecies  of  D.  spinigerus  without  black  pattern  on  head  or  back. 

Description 

Snout -vent  length  (mm):  31-71  (N  89,  mean  58.7).  Length  of  tail  (%  SVL):  53- 
81  (N  73,  mean  66.7). 

Nostril  surrounded  by  rostral  (median  groove  complete),  2 supranasals  (first 
much  the  larger  and  divided  in  1.6  per  cent  of  specimens),  1 (N  53)  or  2 (11) 
postnasals,  and  first  labial.  Internasals  1 (N  27),  2 (11),  3 (24)  or  4 (2).  Upper 
labials  11  (3),  12  (11),  13  (17),  14  (17),  15  (12),  16  (1)  or  17  (1);  8-13  (mean 
10.6)  to  middle  of  eye.  Under  side  of  digits  with  pair  of  large  apical  plates,  fol- 
lowed on  fourth  toe  distally  by  3 (N  4),  4 (20),  5 (21)  or  6 (7)  transverse  lamellae, 
and  proximally  by  1-4  (N  52,  mean  2.3)  rows  of  subcircular  scales.  Pre-anal 
pores  in  males,  4-10  (N  19,  mean  6.5)  on  each  side. 

Spines  above  eye  short  or  absent,  usually  dark  brown  with  white  base.  Spines 
on  back  short,  highest  tending  to  form  two  irregular  laterodorsal  rows,  usually 
black  or  dark  brown  and  with  white  base.  Spines  on  tail  moderately  long,  slender, 
in  two  fairly  regular  laterodorsal  rows,  black  or  dark  brown  and  usually  with 
white  base.  Scales  between  caudal  spines  tending  to  be  tubercular,  with  highest 
usually  on  same  whorl  as  spines. 
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Figure  3 A Diplodactylus  spinigerus  inornatus  from  10  km  E Esperance,  photographed  by 
B,  Maryan. 


Figure  4 Head  of  a Diplodactylus  spinigerus  inornatus  from  the  Fitzgerald  National  Park, 
photographed  by  G.  Harold. 
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Upper  and  lateral  surfaces  grey,  without  pattern  except  for  heavily  black- 
dotted  upper  (and  lower)  surfaces  and  rarely  for  black,  white-dotted  upper 
surface  of  tail.  Iris  maroon  or  brownish  red,  with  or  without  small  rounded  or 
large  angular  whitish  spots,  and  with  or  without  a narrow  to  moderately  wide 
orange -red  peripheral  ring.  Mouth  blue-grey  or  pale  blue.  Tongue  black  or  dark 
blue-grey. 

Distribution 

South-east  coast  of  Western  Australia  from  Fitzgerald  Inlet  east  to  Toolinna 
Cove,  thence  inland  through  the  southern  interior  north  to  Dalwallinu,  19  km  N 
Bencubbin,  Mt  Hampton,  North  Ironcap  and  Frank  Hann  National  Park  and  west 
to  Cunderdin,  Quairading,  Kulin,  Nyabing  and  the  Stirling  Range.  An  isolated 
population  further  west,  i.e.  west  edge  of  Darling  Range  from  east  of  Gingin  south 
to  east  of  Perth. 

Material 

South-west  Division  (WA) 

Mooliabeenee  (90341,  93045);  Walyunga  National  Park  (88103);  Swan  View  (1202);  Darling- 
ton (2176);  Boya  (25360);  Mundaring  Weir  (49952);  Kalamunda  (679,  96996);  Bickley  (716); 
Lesmurdie  (19666-7,  61343);  20  km  NE  Dalwallinu  (58226);  19  km  N Bencubbin  (97249); 
25  km  N Kellerberrin  (56558);  Cunderdin  (2320);  Borayukkin  Rock  (71867);  Voting  (4441); 
11  km  E Quairading  (52440);  12  km  ENE  Bendering  (43401,  64887,  67512-3)  and  7 km  ENE 
(52563-4,  55302-4);  Kulin  (4372);  8 km  N Pingaring  (36678-9);  Dragon  Rocks  Reserve  (42975, 
43732,  43739);  Dongolocking  Reserves  (49760-1);  25  km  SE  Kukerin  (96693);  Greenshield 
Soak  (39844,  39858-60,  39880,  39885)  and  3 km  W (39914-7);  10  km  S Nyabing  (13296, 
96992);  Ravensthorpe  (96994);  5 km  N Hopetoun  (55935);  Culham  Inlet  (89389);  East  Mt 
Barren  (15241,  95400);  33  km  NE  Jerramungup  (96964);  Calyerup  (9674);  10  km  SE  Ongerup 
(42617);  Fitzgerald  National  Park  (89288,94285);  Fitzgerald  Inlet  (55931,  56059-60);  Tolls 
Pass,  Stirling  Range  (1994);  Bluff  Knoll  Road  (34  20^S,  118  08  E)  (91075). 

Eastern  Division  (WA) 

Mt  Hampton  (39094). 

Eucla  Division  (WA) 

North  Ironcap  (65364,  66081);  7.5  km  WSW  Lake  Cronin  (65153,  68057-8);  25  km  N 
Forrestania  (56057);  South  Ironcap  (66088-9);  Frank  Hann  National  Park  (69972,  78352, 
78354,  81415);  Lort  River  (86660);  Duke  of  Orleans  Bay  (41923,  41934);  mouth  of  Thomas 
River  (86995);  Yokinup  Bay  (89476-8);  Cape  Arid  National  Park  (56923);  11  km  W Point 
Dempster  (77949);  8 km  W Israelite  Bay  (31116);  18  km  W Point  Culver  (44972);  7 km  NE 
Toolinna  Rockhole  (66988). 
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A new  species  of  Diplodactylus  (Lacertilia:  Gekkonidae) 
from  northern  Australia 

G.M.  Storr* 

Abstract 

The  new  species,  Diplodactylus  jeanae,  was  formerly  confused  with  D.  taeniatus, 
which  it  replaces  in  the  northern  arid  zone  of  Western  Australia  and  the  Northern 
Territory.  D taeniatus  is  redescribed. 

Introduction 

When  demonstrating  the  distinctness  of  Diplodactylus  taeniatus  from  D.  michael- 
seni,  Storr  and  Ford  (1967)  had  40  specimens  of  ^taeniatus'  hut  none  of  them 
came  from  the  type  locality  (Broome)  or  same  climatic  zone  (northern  semiarid). 
It  is  now  appreciated  that  these  specimens  belonged  to  a different  species,  which 
is  here  described  as  new. 

This  paper  is  based  on  specimens  in  the  Western  Australian  Museum  (R  prefix 
omitted  from  catalogue  numbers)  and  colour  slides  kindly  loaned  by  G.  Harold, 
R.E.  Johnstone,  M.  Peterson  and  B.G.  Bush. 


Diplodactylus  jeanae  sp.  nov. 

Figure  1 

Holotypc 

81843  in  Western  Australian  Museum,  collected  by  B.G.  Bush  on  22  November  1982  at  Port 
Hedland,  Western  Australia,  in  20°19'S,  118°36'E. 

Paratypes 

For  details  of  131  specimens  see  Material. 

Diagnosis 

A very  small  and  extremely  slender  Diplodactylus  (subgenus  Strophurus), 
most  like  D.  taeniatus  but  with  rostral  entering  nostril  and  very  wide  ventral 
stripe  (at  widest  occupying  half  width  of  abdomen). 

Description 

Snout-vent  length  (mm):  23-49  (N  132,  mean  38.1).  Length  of  tail  (%  SVL): 
72-100  (N  64,  mean  85.3). 

Nostril  surrounded  by  first  labial,  rostral  (median  groove  complete  in  84  per 
cent  of  specimens),  1 (N  1),  2 (106)  or  3 (18)  supranasals,  and  1 (N  13),  2 (97) 


* Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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or  3 (14)  postnasals.  Intemasals  0 (N  3),  1 (78),  2 (39)  or  3 (7).  Upper  labials 
9 (N  3),  10  (14),  11  (26),  12  (34),  13  (10)  or  14  (4).  Under  side  of  digits  with 
pair  of  large  apical  plates,  followed  on  fourth  toe  distally  by  2 (N  1),  3 (40)  or 
4 (8)  transverse  lamellae,  and  proximally  by  1 (N  7),  2 (33),  3 (8)  or  4 (1)  rows 
of  subcircular  scales.  No  pre-anal  pores. 

Back  greyish  white  or  yellowish  white  except  occasionally  for  narrow  orange- 
brown  vertebral  stripe  from  neck  to  base  of  tail.  Dark  orange-brown  upper  lateral 
stripe  on  neck,  body  and  tail,  narrowing  as  it  passes  forward  through  orbit  to  snout. 
Wide  grey  mid-lateral  stripe  from  orbit  to  base  of  tail,  extending  to  upper  surface 
of  limbs  but  only  its  whitish  upper  edge  extending  to  tail.  Orange-brown  lower 
lateral  stripe  from  side  of  neck  to  base  of  tail;  forking  behind  ear  aperture,  upper 
branch  extending  narrowly  forward  along  upper  lip  to  snout,  the  lower  narrow  y 
along  side  of  chin.  Broad  brown  mid-ventral  stripe,  narrowing  as  it  extends  tor- 
ward  to  chin  and  back  on  to  tail;  widest  on  abdomen,  where  it  encloses  narrow 
yellow  or  orange  stripe.  Iris  purplish  grey  flecked  greyish  white,  except  for  white 

edge  to  pupil  and  greyish  white  periphery.  . j , 

The  foregoing  describes  the  pattern  in  the  darkest  specimens.  However  the  dark 
stripes  are  usually  paler  and  less  extensive  and  are  often  hollow  (i.e.  only  their 
dark  edges  are  discernible). 


Figure  1 


. Diplodactylus  jeame  from  9 km  NW  of  Barradale,  W.A.,  photograpnea  oy  o. 
larold. 
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Distribution 

Arid  zone  of  Western  Australia  and  Northern  Territory  from  Lagrange,  Dampier 
Downs,  Christmas  Creek,  Wolfe  Creek  Crater  and  Elliott  south  to  Barradale, 
Turee  Creek,  McConkey  Hill  and  the  Kintore  Range.  See  map.  Figure  2. 


Figure  2 Map  of  northern  Australia  showing  location  of  specimens  of  Diplodactylus  taeniatus 
(including  holotype  and  Kluge’s  specimen  from  near  Gamooweal)  and  D.  jeanae. 


Derivation  of  name 

After  Miss  Jean  White  of  the  Western  Australian  Museum’s  Department  of 
Ornithology  and  Herpetology. 

Material 

Kimberley  Division  (WA) 

50  km  WNW  Dampier  Downs  (53798)  and  27  km  ENE  (53799-800);  Lagrange  (46215)  and 
16km  S (27402);  Edgar  Ranges  (53956-7,  70938);  Christmas  Greek  (26031);  Wolfe  Creek 
Crater  (64025);  13  km  E Anna  Plains  (75107);  McLarty  Hills  (57263,  57310). 

North-west  Division  (WA ) 

De  Grey  (2115);  Port  Hedland  (36326)  and  25  km  SW  (21777-99);  Mundabullangana 
(30389-91);  Barrow  I.  (48942-50,  56694-8);  4 km  S Onslow  (85336-40);  10  km  NE  Urala 
(80405);  Vlaming  Head  (52948,  52961-2,  61053,  61176-7,  61193,  61216-7,  61400,  61488); 
Exmouth  (58257);  9 km  NW  Barradale  (80456);  192  km  SE  Wallal  (36137) ; 25  km  SW  Marillana 
(73606);  3 km  SE  Turee  Creek  (25147)  and  10  km  S (83731-9)  and  14  km  SSW  (95647-52). 
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Eastern  Division  (WA) 

42  km  ESE  Billiluna  (83591-2);  Balgo  (67568,  83589-90)  and  44  km  S (83593);  Twin 
Heads  (63422);  Lens  Bore  (20®15'S,  127°30'E)  (63315-7,  63326,  63348-9,  63360);  Djaluwon  , 
Creek  (64103);  Anketell  Ridge  (20°23'S,  122°08'E)  (69509);  26  km  E Bishops  Dell  (69907-8,  i 
69916-7);  39  km  SSW  McTavish  Qaypan  (64245,  64252);  c.  80  km  S Teller  (22°19'S,  122° 
04'E)  (95444);  27  km  N Weld  Spring  (15833). 

Northern  Territory 

14  km  SE  Elliott  (24152-9);  3 km  SE  Tennant  Creek  (21384-7);  Willie  Rockhole  (23°16'S, 
129°45'E)  (96982);  Ehrenberg  Range  (96978-80);  Kintore  Range  (96981). 


Diplodactylus  taeniatus 

Figure  3 

Oedurella  taeniata  Lonnberg  and  Anderson  (1913:  5-6,  figs  1-3).  Near  Broome,  Western  Aust- 
ralia. 

Diagnosis 

A very  small,  slender  Diplodactylus  (subgenus  Strophurus),  most  like  D.  jeanae 
but  with  rostral  widely  excluded  from  nostril  and  much  narrower  dark  dorso- 
lateral, mid-lateral  and  mid-ventral  stripes. 

Description 

Snout-vent  length  (mm):  27-44  (N  13,  mean  38.8).  Length  of  tail  (%  SVL): 
66-81  (N  4,  mean  74.7) 

Nostril  surrounded  by  first  labial,  2 supranasals  (first  much  the  larger  and 
excluding  rostral  from  nostril)  and  1 (N  8)  or  2 (5)  postnasals.  Rostral  groove 
complete  (N  13).  Internasals  1 (N  3),  2 (7)  or  3 (3).  Upper  labials  9 (N  1),  10  (4), 
11  (6)  or  12  (2).  Under  side  of  digits  with  pair  of  large  apical  plates,  followed  on 
fourth  toe  distally  by  3 (N  5)  or  4 (6)  transverse  lamellae  and  proximally  by  1 
(N  7)  or  2 (4)  rows  of  subcircular  scales.  No  pre-anal  pores. 

Upper  and  lateral  ground  colour  whitish  or  pale  yellow,  except  anteriorly  for 
orange  laterodorsal  and  upper  lateral  stripes.  Brown  vertebral  stripe  from  nape 
to  tail  always  present.  Brown  dorsolateral  stripe  extending  forward  above  eye  to 
snout  and  back  on  to  tail.  Brown  mid-lateral  stripe  from  neck  to  hindleg;  forking 
behind  ear,  upper  branch  extending  narrowly  forward  through  orbit,  and  lower 
above  lips  to  snout.  Brown  mid-ventral  stripe  on  body  and  tail,  and  occasionally 
a faint  or  hollow  outer  ventral  stripe.  Iris  maroon  except  for  diffuse  whitish 
spots  and  white  margin  to  pupil. 

Distribution 

Semiarid  northern  Australia,  from  Broome  (WA)  east  to  Mt  Isa  (Qld).  See 
map,  Figure  2. 
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Figure  3 A Diplodactylus  taeniatus  from  Mt  Isa,  photographed  by  M,  Peterson. 


Material 

Kimberley  (WA) 

Lake  Argyle,  17  km  S Ord  River  Dam  (52436-9);  12  km  WNW  Lissadell  (75504)  and  11  km 
WSW  (70405)  and  15  km  WSW  (70426,  75378);  3 km  E Yammera  Gap  (56434)  and  12  km 
ESE  (57319-20). 

Northern  Territory 

30  km  N Rosewood  (42913). 

Queensland 

SkmNMt  Isa  (55445). 
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Gonadal  cycles  of  the  Western  Australian  Long-necked  Turtles 
Chelodina  oblonga  and  Chelodina  steindachneri  (Chelonia:  Chelidae) 


Gerald  Kuchling* 

Abstract 

Seasonal  changes  of  testis  volume,  spermatogenesis,  follicular  development,  and 
oviducal  eggs  for  preserved  specimens  of  Chelodina  oblonga  and  Chelodina  stein- 
dachneri are  reported.  Testis  cycles  of  both  species  show  a typical  temperate- 
zone  chelonian  pattern.  The  germinal  epithelium  is  quiescent,  during  winter, 
spermatogonia  start  to  multiply  in  spring,  followed  by  spermatocytogenesis  in 
late  spring  and  summer.  Spermiogenesis  peaks  in  January  and  February  in  C. 
steindachneri  and  in  April  in  C.  oblonga.  Spermiation  starts  during  summer  and 
continues  until  winter. 

In  C.  oblonga,  follicular  enlargement  starts  during  summer  and  continues  until 
spring.  Oviducal  eggs  were  found  in  October  and  November,  and  up  to  three  clutches 
may  be  laid  between  September  and  January.  Females  have  a reproductive  potent- 
ial of  25-40  eggs  per  year. 

Follicles  of  C.  steindachneri  start  to  enlarge  in  late  spring.  During  summer  and 
autumn,  there  is  a stable  phase  without  enlargement.  Vitellogenesis  is  completed 
before  ovulation  in  spring.  Only  one  clutch  of  seven  to  eight  eggs  is  laid  per  season. 
This  pattern  seems  to  be  an  adaptation  to  a relatively  long  period  of  aestivation. 


Introduction 

Few  data  are  available  on  the  gonadal  cycles  of  Australian  long-necked  turtles. 
The  south-eastern  Australian  species  Chelodina  longicollis  has  been  the  most 
extensively  studied  (Parmenter  1976,  1985,  Chessman  1978),  but  data  based  on 
gonad  histology  are  entirely  lacking  for  this  species.  The  only  chelid  turtle  for 
which  an  accurate  description  of  the  gonadal  cycle  is  available  is  Emydura  krefftii 
(Georges,  1982,  1983).  Legler  (1985)  discussed  reproductive  patterns  in  wide- 
ranging  taxa  of  Australian  chelid  turtles,  based  mainly  on  nesting  season,  egg 
weight  and  incubation  period,  without  giving  details  of  annual  gonadal  cycles. 
However,  data  on  Chelodina  oblonga  and  Chelodina  steindachneri  were  insuffi- 
cient and  these  Western  Australian  species  were  excluded  from  Legler’s  com- 
ments. 

Several  authors  have  reported  observations  on  nesting,  egg  laying,  incubation 
and  hatching  of  Chelodina  oblonga  (Burbidge  1967,  Clay  1981,  McCutcheon 
1985,  Nicholson  1975,  Russ  1970).  In  Chelodina  steindachneri  even  these  data 
are  very  scarce  and  insufficient  (Burbidge  1967).  The  aim  of  the  present  study 


* Department  of  Zoology,  University  of  Western  Australia,  Nedlands,  Western  Australia 
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is  to  describe  the  annual  testicular  and  ovarian  changes  in  these  two  long-necked 
turtles  which  are  endemic  to  Western  Australia.  To  avoid  removal  and  killing  of 
these  protected  animals  from  natural  populations,  this  investigation  was  restricted 
to  preserved  specimens  in  the  Western  Australian  Museum. 


Material  and  Methods 

The  gonads  of  32  Chelodina  oblonga  and  25  Chelodina  steindachneri  in  the 
Western  Australian  Museum  with  known  date  of  collection  were  examined.  Only 
specimens  which  were  killed  immediately  after  collection  were  used.  The  geogra- 
phic range  of  the  two  species  in  Figure  1 is  based  on  all  recorded  locations  of 
specimens  in  the  Western  Australian  Museum.  The  locations  of  the  specimens  used 
in  this  study  are  shown  additionally. 

In  females,  ovarian  follicles  over  2 mm  diameter  were  measured  and  classified 
as  class  1 (<  3 mm),  class  2 (3-7.9  mm),  class  3 (8-12.9  mm  in  C.  steindachneri, 
8-13.9  mm  in  C.  oblonga)  and  class  4,  the  largest  size  class  of  non  ovulatory 
foUicles  (>  13  mm  in  C.  steindachneri,  > 14  mm  in  C.  oblonga).  Shelled  eggs  in 
the  oviducts  and  corpora  lutea  were  counted.  Egg  measurements  are  presented 
as  means  and  standard  deviations. 

In  males,  one  testis  was  removed  and  the  volume  determined  by  immersion 
in  alcohol.  Half  the  testis  was  paraffin  embedded,  sectioned  (nominally  6 jjixn) 
and  stained  with  Haematoxilin  and  Eosin  for  histological  examination.  The 
presence  of  sperm  in  epididymides  and  vasa  deferentia  was  noted.  The  sperma- 
togenetic  stage  was  determined  according  to  the  criteria  of  Leblond  and  Clermont 
(1952). 

Results 

Chelodina  oblonga 

The  males  of  Chelodina  oblonga  became  sexually  mature  at  about  carapace 
length  (CL)  14  cm.  Two  males  of  13.1  and  14.0  cm  CL  showed  immature  testes, 
whereas  two  males  of  13.7  and  14.1  cm  CL  had  fully  developed  testes  and  sperm 
in  the  epididymides.  All  females  examined  had  a carapace  length  over  21  cm 
and  were  mature. 

Seasonal  changes  in  testis  volume  and  in  the  stage  of  the  germinal  epithelium 
are  summarised  in  Figure  2.  From  November  to  January  the  epididymides  were 
regressed  and  small  and  contained  few  spermatozoa.  With  the  onset  of  spermi- 
ation  spermatozoa  entered  the  epididymides,  which  increased  in  diameter  and 
remained  filled  with  spermatozoa  until  November.  The  vasa  deferentia  contained 
sperm  during  the  whole  year  and  were  maximally  filled  from  May  to  November. 

In  females  of  C.  oblonga  follicular  enlargement  started  during  summer.  In 
January,  after  the  nesting  season,  the  ovaries  were  regressed  and  only  follicles 
of  class  1 and  2 were  present.  However,  a female  showed  follicles  of  all  size 
classes  in  May,  including  a group  of  follicles  near  preovulatory  size  (14-15  mm 
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Figure  1 Distribution  of  Chelodina  oblottgu  (•)  and  Chelodina  stcindachnsTi  specimens 
used  in  this  study.  Some  localities  have  multiple  specimens.  Dotted  lines  indicate 
the  ranges  of  the  species. 
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diameter).  During  October  all  size  classes  of  follicles  were  present  together  with 
oviducal  eggs,  indicating  that  follicular  enlargement  continued  in  spring  (Table 
!)• 

Three  females  had  13-16  eggs  in  the  oviducts  (Table  1).  The  eggs  were  elongate 
and  differed  slightly  in  size  between  females  (Table  1).  Egg  sizes  ranged  from 
31.0  to  34.4  mm  in  length  and  20.2  to  24.0  mm  in  width.  The  yolk  in  the  (pre- 
served) eggs  was  rather  spherical,  with  a length  of  18.2  to  20.0  mm  and  width 
of  16.1  to  17.0  mm,  which  indicates  the  approximate  size  of  the  oocytes  during 
ovulation. 

Table  1 Seasonal  occurence  of  oviducal  eggs  and  ovarian  follicles  of  various  size  classes 
for  Chelodina  oblonga. 


Chelodina  number  of  enlarged  number  of  length  of  width  of 


oblonga 

CL  (cm) 

date 

follicles  of  class 
12  3 4 

eggs  in 
oviducts 

eggs  (mm) 
mean  ± SD 

eggs  (mm) 
mean  ± SD 

24.6 

16  January 

32 

7 

- 

- 

- 

- 

- 

23.6 

16  January 

8 

9 

- 

- 

- 

- 

- 

22.3 

15  May 

16 

7 

9 

14 

- 

- 

- 

23.2 

15  October 

15 

16 

5 

13 

13 

32.4  ± 0.88 

21.8  ± 0.37 

24.7 

15  October 

18 

20 

3 

28 

16 

34.2  ± 0.38 

23.8  ± 0.25 

21.6 

14  November 

16 

10 

13 

- 

15 

31.9  ± 0.53 

20.8  ± 0.33 

Chelodina  steindachneri 

The  males  of  C.  steindachneri  became  sexually  mature  at  about  12  cm  CL.  A 
male  of  10.1  cm  CL  showed  immature  testes,  another  male  with  11.9  cm  CL 
had  fully  developed  testes  and  sperm  in  the  epididymides.  Although  a female 
of  15.4  cm  CL  showed  immature  ovaries  and  oviducts,  another  female  of  14.6 
cm  CL  had  mature  ovaries  with  enlarged  follicles  and  eggs  in  the  oviducts. 

Seasonal  changes  in  testis  volume  and  in  the  stage  of  the  germinal  epithelium 
are  summarised  in  Figure  3.  They  closely  paralleled  the  situation  in  C.  oblonga: 
however,  maximum  testis  volume  was  reached  in  January  and  February  in  C. 
steindachneri  and  April  in  C.  oblonga.  Spermiogenesis  started  during  November, 
about  one  month  earlier  than  in  C.  oblonga.  The  epididymides  and  vasa  deferentia 
contained  sperm  during  the  whole  year,  with  maximal  proliferation  from  May  to 
November. 

Oviducal  eggs  were  only  found  at  the  beginning  of  October;  these  females 
had  only  small  numbers  of  follicles  of  classes  1 and  2 in  the  ovaries  (Table  2). 
Follicular  enlargement  started  in  early  summer  and  in  January  class  3 follicles 
could  be  found.  During  summer  and  autumn,  however,  the  ovaries  seemed  to  be 
in  stable  phase,  judging  from  the  lack  of  follicular  enlargement.  In  March  and 
June  the  same  follicular  classes  were  found  as  in  January  (Table  2).  The  largest 
follicles  measured  had  a diameter  of  12.0  mm  in  January,  12.5  mm  in  March 
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and  12.0  mm  in  June.  Therefore,  a second  phase  of  follicular  enlargement  may 
occur  in  late  winter  and  spring. 

The  eggs  of  C.  steindachneri  are  elongate  and  considerably  smaller  than  eggs 
of  C oblonga  (Table  2).  Egg  sizes  ranged  from  27.5  to  31.0  mm  in  length  and 
17.0-19.5  mm  in  width.  The  yolk  in  the  preserved  eggs  was  rather  spherical, 
mean  length  and  width  being  17.0  and  15.0  mm. 


Table  2 Seasonal  occurence  of  oviducal  eggs  and  ovarian  follicles  of  various  size  classes 
for  Chelodina  steindachneri. 


Chelodina 

steindachneri 

CL  (cm)  date 

number  of  enlarged 
follicles  of  class 
12  3 4 

number  of 
eggs  in 
oviducts 

length  of 
eggs  (mm) 
mean  ± SD 

width  of 
eggs  (mm) 
mean  ± SD 

19.3 

23  January 

17 

5 

7 

- 

- 

- 

- 

16.2 

9 March 

16 

4 

9 

- 

- 

- 

- 

17.3 

7 June 

18 

12 

13 

- 

- 

- 

- 

16.1 

4 October 

11 

8 

- 

- 

8 

28.3  ± 0.23 

18.8  ±0.44 

15.6 

4 October 

16 

1 

- 

- 

7 

29.7  ± 0.43 

18.6  ± 0.11 

15.6 

4 October 

17 

2 

- 

- 

7 

30.2  ± 0.72 

19.1  ±0.12 

14.6 

4 October 

13 

4 

- 

- 

8 

28.0  ± 0.53 

17.1  ±0.11 

Discussion 

In  general  the  gonadal  cycles  of  Chelodina  oblonga  and  C.  steindachneri  are 
typical  for  temperate-zone  chelonians  (review:  Moll  1979).  Spermatogenesis 
occurs  during  the  hot  season,  with  peak  enlargement  of  testes  at  the  height  of 
spermiogenesis.  Testicular  regression  follows,  paralleling  the  expulsion  of  sperma- 
tozoa into  the  epididymides.  Females  of  most  temperate-zone  species  start 
follicular  enlargement  in  autumn,  when  temperatures  are  declining,  and  complete 
it  in  a second  phase  in  spring.  Those  Australian  chelids  investigated  have  followed 
the  same  pattern  {Chelodina  longicollis:  Chessman  1978,  Parmenter  1976,  1985; 
Emydura  macquarii:  Chessman  \91^\Emydura  krefftii:  Georges  1983).  However, 
some  peculiarities  in  the  gonadal  cycles  of  Chelodina  oblonga  and  Chelodina 
steindachneri  are  notable. 

Spermatocytogenesis  and  spermiogenesis  occur  over  nine  months  of  the  year, 
from  spring  (September-October)  to  June.  Though  spermatogenesis  is  clearly 
cyclic,  the  periods  of  germinal  quiescene  are  relatively  short.  The  peak  of  testi- 
cular enlargement  and  spermiogenesis  of  the  two  species  occurs  at  different  times 
of  the  year:  during  early  summer  Qanuary-February)  in  C.  steindachneri  and  late 
summer/autumn  (April-May)  in  C.  oblonga  (Figures  2,  3). 

C longicollis,  which  is  found  in  a wide  range  of  climatic  conditions  in  eastern 
Australia,  shows  some  differences  between  populations  in  the  peak  of  testicular 
enlargement.  In  the  Murray  Valley  the  peak  occurs  in  January-February  (Chess- 
man 1978),  in  Gippsland  in  Feburary -March  (Chessman  1978),  and  near  Armi- 
dale  in  March-April  (Parmenter  1976,  1985).  This  seems  to  reflect  changes  from 
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warmer  to  colder  climatic  conditions.  The  differences  in  the  peak  of  spermio- 
genesis  between  C oblonga  and  C,  steindachneri  may  also  be  correlated  with 
climate.  C oblonga  inhabits  the  cooler  parts  of  south-western  Australia  with 
good  winter  rains,  whereas  C steindachneri  is  found  in  warmer  country  with 
scanty  rains  (mainly  summer-autumn  in  north,  mainly  autumn-winter  in  south). 
However,  the  short -necked  chelids  Emydura  macquarii  and  E.  krefftii  show  peak 
testicular  enlargement  at  about  the  same  time,  in  March,  although  E,  macquarii 
inhabits  temperate  south-eastern  Australia  and  E.  krefftii  subtropical  and  tropical 
north-eastern  Australia  (Chessman  1978,  Georges  1983). 
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Figure  2 Testis  volume  (ml)  of  Chelodina  oblonga  versus  month  of  collection.  The  scheme 
for  the  phases  of  the  testis  cycle  indicates  their  timing  and  only  approximately 
quantitative  relationships  between  them. 
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Figure  3 Testis  volume  (ml)  of  Chelodina  steindachneri  versus  month  of  collection.  Phases 
of  the  testis  cycle  as  in  Figure  2. 

The  annueil  ovarian  cycle  can  be  considered  in  four  stages:  follicular  enlarge- 
ment (resulting  from  yolk  accumulation),  ovulation  and  oviducal  period,  re- 
gression, and  a stable  phase  normally  during  winter.  In  C.  oblonga  the  ovaries 
regress  during  January  after  all  eggs  have  been  laid.  Follicular  enlargement  starts 
in  late  summer  or  autumn,  with  some  follicles  reaching  preovulatory  size  at  the 
beginning  of  winter.  Most  chelonians  of  the  temperate  zone  show  a stable  phase 
without  follicular  enlargement  during  winter.  However,  C.  oblonga  does  not 
hibernate  and  it  seems  that  some  follicular  enlargement  continues  during  this 
time  (Kuchling,  unpublished).  Ovulation  starts  in  spring,  presumably  during 
September.  Oviducal  eggs  have  been  found  in  October  and  November,  and  the 
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presence  of  oviducal  eggs  together  with  different  size  classes  of  enlarged  follicles 
indicates  that  three  clutches  of  eggs  may  be  laid  per  season.  Clay  (1981)  reports 
two  nesting  periods  for  C.  oblonga,  one  in  spring  (September  to  November) 
and  one  in  summer  (December  to  January).  The  present  data  are  not  sufficient 
to  confirm  this  observation,  but  demonstrate  that  multiple  clutches  per  season 
are  quite  normal  in  this  species. 

Clay  (1981)  found  the  largest  clutch  in  C.  oblonga  to  be  12  eggs.  In  the  present 
study  the  three  females  with  oviducal  eggs  all  had  larger  clutches,  the  maximum 
being  sixteen.  According  to  the  number  of  enlarged  follicles,  which  may  represent 
following  clutches,  the  second  and  third  clutches  may  be  smaller.  The  average 
clutch  size  for  the  summer  nesting  period  was  significantly  lower  than  that  in 
spring  in  the  study  of  Clay  (1981). 

The  reproductive  potential  (the  number  of  eggs  produced  by  a female  per  year) 
can  be  estimated  by  combining  the  number  of  oviducal  eggs  with  the  number  of 
enlarged  follicles  representing  the  following  clutches  of  a single  season.  This  gives 
only  a rough  approximation,  for  some  of  the  follicles  may  become  atretic  (Georges 
1983).  For  one  female  of  C.  oblonga  in  this  study  the  maximum  reproductive 
potential  is  estimated  at  47  eggs,  but  normally  females  of  the  medium  size  studied 
here  may  lay  25  to  40  eggs  per  year.  It  is  known  that  egg  numbers  may  vary  in  a 
species,  with  larger  females  often  producing  larger  clutches  (Moll  1979).  Resource 
availability  of  energy  and  nutrients,  which  may  differ  between  populations,  may 
also  influence  the  reproductive  output  of  turtles  (Georges  1983,  Parmenter 
1985). 

In  C.  steindachneri  the  nesting  time  is  unknown.  Burbidge  (1967)  suggests  that 
the  eggs  are  laid  in  spring  (September  to  October).  This  is  confirmed  by  the 
present  data.  No  indication  could  be  found  for  multiple  clutches.  The  period  of 
ovarian  regression  seems  to  be  short  in  C.  steindachneri.  Follicular  enlargement 
starts  in  late  spring  or  early  summer.  Interestingly  there  is  a stable  phase  of  the 
ovaries  during  summer  and  autumn,  with  no  follicular  enlargement  between 
January  and  June.  Vitellogenesis  is  completed  before  ovulation  in  spring.  No 
comparable  pattern  of  the  ovarian  cycle  has  been  reported  in  other  chelonians. 
The  pattern  in  C.  steindachneri  may  be  an  adaptation  to  the  unpredictable  rain- 
fall of  the  dry  country  it  inhabits.  In  most  of  the  range  of  C.  steindachneri  the 
annual  rainfall  is  between  200  and  250  mm.  It  is  highly  likely  that  this  species  is 
physiologically  better  adapted  for  surviving  arid  conditions  than  any  other  Aust- 
ralian turtle  (not  all  species  have  been  studied),  its  habitat  usually  being  dry  for 
many  months  (Burbidge  1967).  It  may  be  an  advantage  to  start  the  energy  input 
of  vitellogenesis  for  the  eggs  to  be  laid  in  the  next  season  as  early  as  possible, 
before  aestivation  becomes  necessary.  The  long  period  of  aestivation  may  also  be 
the  reason  that  only  one  clutch  is  produced  per  season.  It  seems  impossible 
for  C.  steindachneri  to  extend  reproductive  costs  over  as  long  periods  as  in  species 
with  multiple  clutches.  The  only  other  Australian  turtle  with  an  extended  period 
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of  aestivation,  Pseudemydura  umbrina,  also  produces  only  one  clutch  per  year 
(Burbidge  1981). 

Reproductive  potential  in  C.  steindachneri  is  7-8  eggs  per  year  and  considerably 
smaller  than  in  C.  oblonga.  Due  to  the  small  size  of  C.  steindachneri  (this  species 
is  the  smallest  long-necked  turtle)  it  is  difficult  to  imagine  a female  containing 
more  eggs.  In  comparison  C,  longicollis  has  a mean  clutch  size  of  10-14  eggs,  with 
a maximum  of  24,  and  may  produce  one  to  three  clutches  per  season  (review: 
Parmenter  1985). 

Egg  measurements  of  C.  oblonga  in  this  study  are  in  the  range  of  the  data 
reported  by  Clay  (1981)  for  this  species.  The  eggs  are  considerably  smaller  than 
the  measurements  indicated  by  Legler  (1985)  for  the  C.  expansa  group  (mean 
length  39.2  mm,  mean  width  27.6  mm).  Egg  measurements  of  C.  steindachneri 
correspond  closely  to  the  egg  size  reported  for  C.  longicollis  (Parmenter  1976, 
Chessman  1978,  Legler  1985). 

Legler  (1985)  proposed  to  divide  the  present  genus  Chelodina  and  to  include 
C.  oblonga  in  the  C.  expansa-groxxp  and  C.  steindachneri  in  the  C.  longicollis 
group.  He  suggested  that  reproductive  patterns  in  Australian  chelids  do  not 
change  over  wide  geographic  ranges  within  the  genera  he  defined.  The  present 
study  does  not  confirm  Legler’s  presumption.  The  reproductive  pattern  of  C. 
oblonga  indicates  that  this  species  may  not  be  closely  related  to  the  C.  expansa 
group,  as  proposed  by  Legler,  but  confirms  the  view  of  Burbidge  et  al,  (1974) 
who  placed  C.  oblonga  in  a seperate  group,  differing  equally  from  both  the  C. 
expansa  group  and  the  C.  longicollis  group.  Differences  of  the  reproductive 
pattern  of  C.  steindachneri  from  that  of  the  C.  longicollis  group  may  reflect 
adaptation  to  specific  environmental  and  climatic  conditions. 
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Two  new  species  of  the  water  mite  genus  Aspidiobates  Lundblad 
from  Western  Australia  (Acarina:  Hygrobatidae) 

Mark  S.  Harvey* 

Abstract 

The  new  species  Aspidiobates  pilbara  and  A.  wittenoom  are  described  from  material 
collected  in  the  Hamersley  Ranges,  northern  Western  Australia.  A revised  key  to 
the  Australian  members  of  the  genus  is  presented  and  evolution  within  the  genus 
is  discussed. 

Introduction 

The  water  mite  genus  Aspidiobates  Lundblad  has  a wide  distribution  in  the 
southern  hemisphere  and  has  been  recorded  from  Australia,  New  Zealand,  New 
Caledonia  and  Chile  with  the  Australian  fauna  currently  represented  by  five  species 
from  south-eastern  Australia  (Cook  1986;  Harvey  and  Cook  1988).  Two  unusual 
new  species  of  Aspidiobates  that  appear  to  have  affinities  with  some  of  the  New 
Caledonian  species  were  recently  collected  by  Dr  W.F.  Ponder,  Australian  Museum, 
Sydney,  in  the  Hamersley  Ranges,  Western  Australia,  and  are  described  here.  In 
addition,  the  variation  in  the  morphology  of  the  dorsal  shield  within  the  genus 
is  analysed. 

Specimens  are  lodged  in  the  Western  Australian  Museum,  Perth  (WAM)  and  the 
Australian  Museum,  Sydney  (AM),  and  are  all  mounted  on  slides  in  glycerol  gel. 
Methods  follow  Harvey  (1987). 


Systematics 

Genus  Aspidiobates  Lundblad 

Aspidiobates  Lundblad,  1941:  115;  Cook,  1974:  224;  Harvey  and  Cook,  1988:  51.  Type 
species  Aspidiobates  scutatus  Lundblad,  1941,  by  original  designation. 

Diagnosis 

See  Cook  (1974)  and  Harvey  and  Cook  (1988). 

Remarks 

The  key  to  the  Australian  Aspidiobates  species  provided  by  Harvey  and  Cook 
(1988)  is  revised  here  to  accommodate  the  two  new  species  from  Western  Aust- 
ralia, 


* Department  of  Environmental  Records,  Museum  of  Victoria,  71  Victoria  Crescent,  Abbots- 
ford, Victoria  3067. 
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Key  to  Australian  species  of  Aspidiobates 


1. 

2(1). 


Males  

Females  (those  of  A.  wittenoom  not  known) 

Genital  field  with  4 pairs  of  acetabula 

Genital  field  with  3 pairs  of  acetabula 


2 

8 


3 I 

4 ! 


3(2).  Dorsal  shield  with  1 large  anterior  platelet  and  2 

smaller  posterior  platelets A.  wittenoom  sp.  nov. 

Dorsal  shield  with  1 large  anterior  platelet  and  4 

smaller  posterior  platelets A.  aethes  Harvey  and  Cook 


4(2). 


5(4). 


6(5). 


7(6). 


8(1). 


Dorsal  shield  entire;  genu  IV  proximally  curved, 

ventral  margin  with  a row  of  stout  setae 

A,  bidewel  Harvey  and  Cook 

Dorsal  shield  with  1 large  anterior  platelet  and  2-4 
smaller  posterior  platelets;  genu  IV  not  curved, 
without  stout  setae 5 

Dorsal  shield  with  1 large  anterior  platelet  and  2 

smaller  posterior  platelets 6 

Dorsal  shield  with  1 large  anterior  platelet  and  4 

smaller  posterior  platelets 7 

Pedipalpal  femur  with  small  ventral  projection; 
first  pair  of  dorsoglandularia  on  same  level  as 

postocularia A.  geometricus  Cook 

Pedipalpal  femur  with  large  ventral  projection; 
first  pair  of  dorsoglandularia  posterior  to  level 
of  postocularia A.  pilbara  sp.  nov. 

Distance  separating  first  pair  of  dorsoglandularia 
greater  than  distance  separating  second  pair  of 
glandularia;  anus  midway  between  genital  field 

and  posterior  edge  of  ventral  shield  A.  scutatus  Lundblad 

Distance  separating  first  pair  of  dorsoglandularia 
equal  to  distance  separating  second  pair  of  glandu- 
laria; anus  close  to  genital  field A.  similis  Cook 

Genital  field  with  4 pairs  of  acetabula A.  aethes  Harvey  and  Cook 

Genital  field  with  3 pairs  of  acetabula  9 


9(8).  Dorsal  shield  with  1 large  platelet  and  5 smaller 

posterior  platelets A.  geometricus  Cook 
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Dorsal  shield  with  1 large  platelet  and  4 smaller 

posterior  platelets 10 


10(9).  Distance  separating  first  pair  of  dorsoglandularia 

greater  than  distance  separating  second  pair 11 

Distance  separating  first  pair  of  dorsoglandularia 

equal  to  distance  separating  second  pair 12 


11(10).  Pedipalpal  femur  with  small  ventral  projection 

A,  scutatus  Lundblad 

Pedipalpal  femur  with  large  ventral  projection 
A.  pilbara  sp.  nov. 


12(11). 


Dorsal  shield  approximately  850-960  iim  in  length 


A.  similis  Cook 


Dorsal  shield  greater  than  1100  fim  in  length 

A.  bidewel  Harvey  and  Cook 


Aspidiobates  pilbara  sp.  nov. 

Figures  1-9 

Holotype 

Male,  Pilbara  Springs,  bottom  end  of  Lily  Pond/Grystal  Pool,  Millstream  National  Park, 
Western  Australia,  21°36'30"S,  117°04'E,  Stn  P8,  14  September  1987,  W.F.  Ponder  (WAM 
88/857,  formerly  AM  KS  18085). 

Paratypes 

1 male,  2 females,  same  collection  data  as  holotype  (AM  KS  18085). 

Diagnosis 

Dorsal  shield  of  male  with  1 large  platelet  and  2 smaller  posterior  platelets,  of 
female  with  1 large  platelet  and  4 smaller  posterior  platelets.  Genital  field  with  3 
pairs  of  acetabula.  Pedipalpal  tibia  with  3 ventral  setae  in  large  bases;  femur 
without  large,  blunt,  medial  seta. 

Description 

Adults:  dorsal  and  ventral  shields  present;  dorsal  shield  of  male  (Figure  1) 
with  1 large  anterior  platelet  and  2 smaller  postero-medial  platelets,  of  female 
(Figure  3)  with  1 large  anterior  platelet  and  4 smaller  posterior  platelets;  first 
pair  of  glandularia  slightly  posterior  to  postocularia  and  closer  to  lateral  margins 
of  plate  than  to  postocularia;  distance  separating  first  pair  of  glandularia  slightly 
greater  than  distance  separating  second  pair  of  glandularia.  Ventral  shield  (Figures 
2,  4)  with  suture  lines  between  third  and  fourth  coxae  extending  anterolaterally 
at  a moderate  angle;  glandularia  of  fourth  coxae  shifted  onto  third  coxae;  genital 
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Figures  1-4  Aspidiobates  pilbara  sp.  nov.  1.  Dorsal  shield,  holotype  male.  2.  Ventral  shield, 
holotype  male.  3.  Dorsal  shield,  paratype  female.  4.  Ventral  shield,  paratype 
female.  Scale  line  =100  pm. 
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Figures  5-9  Aspidiobates  pilhara  sp.  nov.,  holotype  male  except  as  noted.  5.  Genital  field. 

6.  Genital  field,  paratype  female.  7.  Left  leg  IV,  paratype  female.  8.  Left  leg  1. 
9.  Right  pedipalp.  Scale  lines  = pm. 
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field  with  3 pairs  of  acetabula  (Figures  5,  6),  anterior  pair  slightly  elongate, 
others  ovoid;  anus  midway  between  genital  field  and  posterior  margin  of  shield. 
Pedipalp  (Figure  9):  not  sexually  dimorphic;  femur  with  moderately  large  ventral 
projection;  tibia  slender,  with  three  ventral  setae  set  in  large  bases.  Legs  (Figures 
7,  8):  swimming  setae  absent;  not  sexually  dimorphic. 

Dimensions  {^m),  6 (9):  dorsal  shield  595-608/487-506  (675/522),  anterior 
platelet  length  544-551  (611),  postero-median  platelet  length  182-200  (214), 
postero-lateral  platelet  length  (228);  ventral  shield  723-746/556-570  (810/608), 
genital  field  133-139/111-115  (176/166);  capitulum  length  166  (153);  chelicera 
length  236-256  (?);  pedipalp:  trochanter  25-30  (25),  femur  103-111  (121),  genu 
80-83  (86),  tibia  138-148  (159),  tarsus  41-44  (37);  leg  I:  trochanter  75-77  (64), 
basifemur  110-129  (128),  telofemur  111-117  (120),  genu  174-181  (179),  tibia 
154-162  (161),  tarsus  141-142  (138);  leg  IV:  trochanter  124-129  (124),  basi- 
femur 160-168  (166),  telofemur  166-168  (161),  genu  227-230  (228),  tibia  212- 
221  (253),  tarsus  177-186  (189). 

Etymology 

The  specific  epithet  is  a noun  in  apposition  taken  from  the  type  locality. 
Remarks 

The  form  of  sexual  dimorphism  of  the  dorsal  shield  in^.  pilbara  is  encountered 
elsewhere  in  the  genus  only  in  three  species  from  New  Caledonia,  A.  serratus 
K.O.  Viets,  A.  violaceus  K.O.  Viets  and  A.  starmuehlneri  K.O.  Viets  (K.O.  Viets, 
1969).  Aspidiobates  pilbara  differs  from  these  species  as  follows:  from^l.  serratus 
by  the  lack  of  the  large,  blunt,  medial  seta  on  the  pedipalpal  femur  present  in 
that  species;  from  A.  violaceus  by  the  lack  of  the  large  ventral  projections  on  the 
pedipalpal  femur  present  in  that  species;  and  from  A.  starmuehlneri  by  the 
presence  of  three  ventral  setae  set  in  large  setal  bases  on  the  pedipalpal  femur. 
Aspidiobates  pilbara  further  differs  from  A.  serratus  and  A.  violaceus  by  the 
position  of  the  first  pair  of  dorsoglandularia  which  are  separated  by  slightly  more 
than  the  distance  separating  the  second  pair  of  glandularia  (in  A,  serratus  and 
A.  violaceus  the  distance  separating  each  pair  is  equal). 

Aspidiobates  wittenoom  sp.  nov. 

Figures  10-15 

Holotype 

Male,  Pilbara  Springs,  upper  part  of  Dales.  Fortescue  Falls  area,  50  km  SE  of  Wittenoom 
Gorge,  Western  Australia,  c.  22°25^S,  118°41  E,  Stn  P12A,  15  September  1987,  W.F.  Ponder 
(WAM  88/858,  formerly  AM  KS  18081). 

Diagnosis 

Dorsal  shield  of  male  with  1 large  plate  and  2 smaller  posterior  platelets. 
Genital  field  with  4 pairs  of  acetabula.  Pedipalpal  tibia  with  3 ventral  setae  in 
large  bases;  femur  without  large,  blunt,  medial  setae. 
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Figures  10-15  Aspidiobates  wittenoom  sp.  nov.,  holotype  male.  10.  Dorsal  shield.  11.  Ventral 
shield.  12.  Right  leg  I.  13.  Right  leg  IV.  14.  Right  pedipalp.  15.  Genital  field. 
Scale  lines  =100  pm. 
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Description 

Male:  dorsal  and  ventral  shields  present;  dorsal  shield  (Figure  10)  with  1 
large  anterior  platelet  and  2 smaller  postero-medial  platelets;  first  pair  of  glandu- 
laria  slightly  posterior  to  postocularia  and  closer  to  lateral  margins  of  plate  than 
to  postocularia;  distance  separating  first  pair  of  glandularia  greater  than  distance 
separating  second  pair  of  glandularia.  Ventral  shield  (Figure  11)  with  suture  lines 
between  third  and  fourth  coxae  extending  anterolaterally  at  a moderate  angle; 
glandularia  of  fourth  coxae  shifted  onto  third  coxae;  genital  field  with  4 pairs  of 
elliptical  to  ovoid  acetabula  (Figure  15);  anus  slightly  closer  to  genital  field  than 
to  posterior  margin  of  shield.  Pedipalp  (Figure  14):  femur  with  moderately  large 
ventral  projection;  tibia  slender,  with  three  ventral  setae  set  in  large  bases.  Legs 
(Figures  12,  13):  swimming  setae  absent. 

Dimensions  (fJLm):  dorsal  shield  494/422,  anterior  platelet  length  467,  posterio- 
median  platelet  length  141;  ventral  shield  611/455,  genital  field  127/119;  capitu- 
lum  length  143;  chelicera  length  ?;  pedipalp:  trochanter  27,  femur  103,  genu  89, 
tibia  130,  tarsus  40;  leg  I:  trochanter  64,  basifemur  114,  telofemur  102,  genu 
156,  tibia  147,  tarsus  118;  leg  IV:  trochanter  96,  basifemur  141,  telofemur 
147,  genu  212,  tibia  219,  tarsus  189. 

Etymology 

The  specific  epithet  is  a noun  in  apposition  taken  from  the  type  locality. 
Remarks 

Aspidiobates  wittenoom  resembles  A,  aethes  Harvey  and  Cook  in  possessing 
four  pairs  of  acetabula,  but  males  differ  from  this  species  by  the  possession  of 
only  two  posterior  platelets  (four  in  males  of  A.  aethes). 


Discussion 

Evolution 

The  form  of  the  dorsal  shield  in  Aspidiobates  species  varies  interspecifically, 
and  in  many  cases  is  sexually  dimorphic.  I have  arranged  14  of  the  18  described 
species  into  seven  groups  based  on  the  form  of  the  dorsal  shield.  The  other 
four  species,^,  parvulus  K.O.  Viets,^.  caeruleus  K.O,  Viets,  A.  harveyi  Cook  and 
A.  wittenoom  sp.  nov.,  are  each  currently  known  from  only  a single  sex  and  thus 
their  position  within  the  scheme  presented  here  cannot  be  ascertained. 

The  outline  presented  here  is  based  solely  on  the  morphology  of  the  dorsal 
shield.  Apart  from  group  C,  which  is  defined  by  an  additional  platelet  in  the 
female  (see  below),  each  group  is  delimited  by  the  loss  of  pairs  of  platelets,  each 
of  which  is  here  considered  to  be  synapomorphic.  Consequently,  each  remaining 
group  is  potentially  paraphyletic  and  cannot  at  present  be  defined  by  synapo- 
morphies.  Nevertheless,  these  groups  appear  to  serve  a useful  purpose,  whether 
or  not  they  are  rigorously  defined  by  the  application  of  hennigian  principles. 
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The  presence  of  four  posterior  platelets  is  here  thought  to  represent  the  plesio- 
morphic  condition  for  the  genus,  and  which  is  found  in  both  sexes  of  Group  A 
species,  as  well  as  females  of  Groups  B,  C and  D species.  This  has  subsequently 
been  reduced  to  two  platelets  in  other  groups,  and  platelets  have  been  lost  in 
others  (even  though  the  vestiges  of  platelets  may  be  present  in  certain  species). 
The  situation  is  certainly  fairly  complex,  and  this  analysis  may  contribute  partly 
towards  a satisfactory  phylogenetic  analysis  of  the  genus. 

Group  A 
Diagnosis 

Males  and  females  with  four  posterior  platelets. 

Included  species 

A.  scutatus  Lundblad,yl.  similis  Cook  and^.  aethes  Harvey  and  Cook. 

This  group  contains  the  most  primitive  species  of  the  genus  and  at  present  is 
known  only  from  south-eastern  Australia. 

Group  B 
Diagnosis 

Males  with  two  posterior  platelets;  females  with  four  posterior  platelets. 
Included  species 

A.  serratus  K.O.  Viets,  A,  violaceus  K.O.  Viets,  A.  starmuehlneri  K.O.  Viets, 
and  .4.  pilbara  sp.  nov. 

Members  of  this  group  appear  to  have  been  derived  from  Group  A,  and  differ 
in  the  lack  of  the  posterior -lateral  platelets  in  males.  Of  the  four  known  species, 
three  are  from  New  Caledonia  and  one  from  Western  Australia.  Three  separate 
lineages  (Groups  C,  D and  E)  appear  to  have  been  derived  from  this  group. 

Group  C 
Diagnosis 

Males  with  two  posterior  platelets;  females  with  four  posterior  platelets  and 
a median  platelet. 

Included  species 

A.  geometricus  Cook. 

The  first  group  that  appears  to  have  been  derived  from  Group  B consists  of 
only  a single  species  from  south-eastern  Australia,  in  which  the  male  possesses  a 
dorsal  shield  similar  to  those  of  Group  B,  but  females  possess  an  additional 
median  platelet. 

Group  D 
Diagnosis 

Males  without  posterior  platelets;  females  with  four  posterior  platelets. 
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Included  species 

A,  imamurai  K.O.  Viets  and  A.  bidewel  Harvey  and  Cook. 

The  second  group  that  appears  to  have  been  derived  from  Group  B differs 
from  that  group  in  the  lack  of  posterior  platelets  in  males  such  that  a single,  entire 
dorsal  shield  is  present  (in  some  specimens  of  A.  bidewel,  the  vestiges  of  the 
posterior  platelets  may  be  evident  [Harvey  and  Cook  1988]).  Two  species  are 
known,  one  from  New  Caledonia  and  one  from  south-eastern  Australia. 

Group  E 
Diagnosis 

Males  and  females  with  two  posterior  platelets. 

Included  species 

A,  lundbladi  K.O.  Viets  and  A.  motasi  K.O.  Viets. 

The  third  group  that  appears  to  have  been  derived  from  Group  B differs  from 
Group  B in  the  lack  of  posterior-lateral  platelets  in  both  males  and  females; 
two  species  from  New  Caledonia  are  known. 

Group  F 
Diagnosis 

Males  with  two  posterior  platelets;  females  without  posterior  platelets. 

Included  species 

A,  spatiosus  K.O.  Viets. 

This  group  appears  to  have  been  derived  from  Group  E and  differs  from  that 
group  in  the  lack  of  posterior  platelets  in  females;  only  a single  species  from  New 
Caledonia  has  been  described. 

Group  G 
Diagnosis 

Males  and  females  without  posterior  platelets. 

Included  species 

A.  orbiculatus  Hopkins. 

The  final  group  appears  to  have  been  derived  from  Group  F from  which  it 
differs  by  the  lack  of  posterior  platelets  in  both  males  and  females;  a single  species 
is  known  from  New  Zealand. 

Relationships  of  the  Western  Australian  species 

Despite  recent  field  work  by  the  author  and  other  collectors  in  Western  Aust- 
ralia (including  the  south-western  corner  and  the  Kimberley s),  the  two  species  of 
Aspidiobates  described  here  are  the  only  ones  known  from  the  state.  They  pro- 
bably represent  part  of  a relictual  fauna  that  was  more  extensive  over  Australia 
when  climatic  conditions  were  less  severe. 
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Aspidiobates  pilbara  and  A.  wittenoom  are  very  similar  to  each  other  and  may 
represent  sister-species.  This  hypothesis  can  only  be  tested  when  the  female  of 
A,  wittenoom  is  known.  As  discussed  above,  the  form  of  sexual  dimorphism  of 
the  dorsal  shield  in  A,  pilbara  is  encountered  elsewhere  in  the  genus  only  in  three 
New  Caledonian  species.  The  presence  of  four  pairs  of  acetabula  in^.  wittenoom 
suggests  comparisons  with  A,  aethes  from  Victoria  (Harvey  and  Cook  1988), 
but  it  seems  more  reasonable  to  suggest  that  each  has  evolved  from  different 
species  with  three  pairs  of  acetabula.  This  view  is  strengthened  by  the  extreme 
similarity  of  the  pedipalps  of  A,  pilbara  and  A.  wittenoom,  especially  of  the 
tibial  setation  and  tubercles. 
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The  size  of  Little  Penguins  Eudyptula  minor, 
on  Penguin  Island,  Western  Australia 

N.I.  Klomp*  and  R.D.  Wooller* 

Abstract 

Little  Penguins  Eudyptula  minor  on  Penguin  Island,  Western  Australia  are  con- 
sistently heavier  and  have  larger  bills  than  conspecifics  elsewhere  in  Australia  or 
New  Zealand.  No  latitudinal  or  other  geographical  trend  in  size  is  apparent. 


Introduction 

The  Little  Penguin  Eudyptula  minor,  the  smallest  of  the  16  penguin  species,  is 
confined  to  Australia  and  New  Zealand.  Kinsky  and  Falla  (1976)  have  divided 
it  into  six  subspecies^  only  one  occurring  in  Australia.  Little  Penguins  reach  the 
northernmost  limit  of  their  breeding  range  in  Western  Australia,  on  Penguin 
and  Carnac  Islands  (Serventy  et  al.  1971),  although  occasional  birds  have  been 
recorded  as  far  north  as  the  Abrolhos  Islands  (Storr  et  aL  1986). 

During  studies  of  Little  Penguins  on  Penguin  Island  (Klomp  1987),  it  became 
clear  that  the  weights  of  birds  there  were  substantially  greater  than  those  recorded 
in  the  literature  for  this  species  elsewhere.  This  paper  documents  these  differences 
and  suggests  some  possible  explanations. 


Methods  and  Results 

Breeding  Little  Penguins,  caught  for  banding  or  dietary  studies  between  March 
1986  and  March  1987,  were  weighed  to  ±25  g in  bags,  using  a 2.5  kg  spring 
balance.  Vernier  calipers  were  used  to  measure  the  length  of  the  bill  from  its 
tip  to  its  junction  with  the  skull,  ignoring  curvature,  as  well  as  the  depth  of  the 
bill  along  a vertical  line  through  the  centre  of  the  nostrils. 

The  weights  of  penguins  may  vary  with  the  age  or  sex  of  an  individual,  and 
seasonally.  All  individuals  considered  in  this  paper  were  breeding  adults.  Since 
all  birds  handled  were  marked  uniquely,  it  was  possible  to  avoid  using  repeated 
measurements  from  the  same  individuals;  the  last  set  of  measurements  obtained 
from  an  individual  were  used. 

In  Little  Penguins,  males  are  slightly  larger  than  females,  but  there  is  con- 
siderable overlap  between  the  sexes  in  size  (Kinsky  and  Falla  1976).  In  general, 
the  bill  of  a male  is  stouter  and  has  a more  pronounced  hook  at  its  tip.  However, 
there  was  no  clear  bimodality,  indicative  of  sexual  dimorphism,  in  the  samples  of 
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measurements  taken.  The  measurements  of  six  birds,  found  dead  during  the  study 
and  sexed  by  dissection,  also  showed  extensive  overlap.  Following  Gales  (1987), 
the  mean  values  presented  are  therefore  calculated  as  mid-sex  values  to  reduce 
any  variation  introduced  by  sexual  dimorphism  in  size. 

The  weight  of  penguins  also  varies  seasonally,  particularly  at  the  time  of  moult. 
Little  Penguins  may  reach  up  to  twice  their  normal  weight  in  an  intensive  foraging 
bout,  as  they  store  subcutaneous  fat  in  preparation  for  moult.  Since  they  cannot 
go  to  sea  during  moult  they  may  lose  weight  at  this  time,  regaining  lost  weight 
again  after  the  moult.  Birds  weighed  at  this  time  may  therefore  give  an  erroneous 
impression  of  size.  Data  from  the  moulting  period  on  Penguin  Island  (December 
to  February)  were  therefore  discarded  and  means  calculated  using  only  values 
from  the  breeding  season  (March  to  November).  Similarly,  means  for  the  non- 
moulting period  were  used  for  comparison  with  other  studies  where  these  were 
available. 

Figure  1 shows  the  frequency  distributions  of  body  mass  and  bill  length  from 
Penguin  Island.  These  are  essentially  normal  distributions  with  no  real  evidence 
of  sexual  dimorphism.  Table  1 gives  the  mean  body  mass  and  bill  length  of  the 
six  subspecies  recognised  by  Kinsky  and  Falla  (1976),  as  well  as  from  other 
studies  of  E,  minor.  It  is  clear  that  birds  on  Penguin  Island  are  much  heavier 
than  conspecifics  elsewhere,  except  perhaps  the  White-flippered  Penguin  E.  m. 
albosignata,  sometimes  separated  as  a full  species. 


Table  1 Mean  body  mass  and  bill  length  of  Little  Venguins  Eudyptula  minor  from  different 
colonies.  Sample  sizes  in  parentheses.  Values  marked  * calculated  for  non-moulting 
season  only;  that  marked  **  for  moulting  season  only. 


Locality 

Subspecies  Latitude 

Mean  (±  S.D.) 

Mean  (±  S.D.) 

Reference 

body  mass  (g) 

bill  length  (: 

mm) 

NEW  ZEALAND: 

Southland  Westland 

E.  m.  minor 

1004  ± 150 

(10) 

35.2  ± 1.9 

(27) 

Kinsky  and  Falla  1976 

Otago  coast 

E.  m.  minor 

46''S 

1169  ± 138 

(19) 

35.9  ± 1.9 

(20) 

Kinsky  and  Falla  1976 

Otago 

46°S 

1144+  86 

(39)** 

36.2  ±2.0 

(39) 

Richdale  1940 

Otago 

46°S 

1282  ± 171 

(36) 

37.9  ± 1.9 

(37) 

Gales  1987 

Chatham  Is 

E.  m.  chathamensis 

44°S 

1135  ± 130 

(19) 

36.8  ± 1.9 

(33) 

Kinsky  and  Falla  1976 

Banks  Peniosula 

E.  m.  albosignata 

44®  S 

1327  ± 176 

(18) 

37.8  ± 2.0 

(47) 

Kinsky  and  Falla  1976 

Cook  Strait 

E.  m.  variabilis 

41®S 

1117  ± 114 

(48) 

36.7  ± 1.4 

(145) 

Kinsky  and  Falla  1976 

Wellington 

4Ts 

1174±  113 

(993)* 

- 

Kinsky  1960 

Northland 

E.  m.  iredalei 

36°S 

902  ± 101 

(17) 

36.2  ± 1.7 

(72) 

Kinsky  and  Falla  1976 

Auckland 

37°S 

910  ± 150 

(272)* 

35.3  ± 2.2 

(272) 

Jones  1978 

AUSTRALIA: 

E.  m.  novaehoUandiae 

- 

37.2  ± 2.4 

(46) 

Kinsky  and  Falla  1976 

Tasmania 

43°S 

1105  ±110  (3195)* 

38.0  ± 1.2 

(82) 

Hodgson  1975 

Victoria 

38®S 

1207 

(564)* 

- 

Montague,  T.  1982 

South  Australia 

36®S 

1106  ± 148 

(8)* 

- 

Baudinette  e/ fl/.  (1986) 

Western  Australia 

32°S 

1390  ± 193 

(51)* 

- 

Montague,  D.  1982 

Western  Australia 

32°S 

1403  ± 207 

(366)* 

39.6  + 2.1 

(384) 

Klomp  1987 
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An  earlier  study  on  Penguin  Island  (Montague  1982)  revealed  that  this  was  not 
a new  or  transitory  situation,  and  incidental  measurements  on  penguins  from 
Carnac  Island  indicated  that  they  were  similar  in  size  to  those  on  Penguin  Island. 
Other  colonies  also  showed  a relative  consistency  in  the  size  of  their  penguins 
(Table  1).  There  was  also  a significant  correlation  (r9  = +0,81  ;p<  0 .01)  between 
the  mean  mass  of  penguins  in  the  populations  studied  and  their  bill  length.  It 
is  therefore  probable  that  both  measurements  are  good  indicators  of  overall  size, 
although  there  is  no  clear  trend  for  them  to  vary  with  latitude  or  geographically 
in  any  other  simple  pattern. 


Body  mass  (g) 


Figure  1 The  frequency  distributions  of  366  measurements  of  body  mass  (lower)  and  384 
bill  lengths  (upper)  from  Little  Penguins  Eudyptula  minor  on  Penguin  Island, 
Western  Australia.  Values  for  males  (M)  and  females  (F)  sexed  by  dissection  are 
indicated. 
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Discussion 

The  large  size  of  Little  Penguins  at  their  northern  limit  is  puzzling.  The  larger 
species  of  penguins  tend  to  inhabit  the  higher  latitudes  and  smaller  penguins 
lower  latitudes.  Bergmann’s  rule  would  also  predict  that  populations  of  a species 
would  be  smaller  in  a warmer  climate,  such  as  that  near  Perth,  particularly  in  a 
surface-nesting  population  such  as  that  on  Penguin  Island.  However,  the  thermo- 
regulatory problems  of  life  at  sea  may  result  in  opposing  selective  pressures  for 
larger  size.  The  penguins  from  Penguin  Island  appear  to  feed  mainly  in  shallow, 
inshore,  relatively  warm  waters.  Their  bigger  size  may  therefore  be  related  to  a 
more  favourable  climate  and  food  supply  linked  to  the  Leeuwin  Current,  warm 
tropical  water  which  flows  south  down  the  Western  Australian  coast  each  winter 
and  leads  to  unusually  protracted  breeding  in  the  area  (Dunlop  and  Wooller 
1986).  It  would  be  interesting  to  examine  the  size  of  Little  Penguins  from  the 
south  coast  of  Western  Australia  under  a much  cooler  climatic  regime. 

Penguin  colonies  are  often  essentially  isolated  from  one  another,  and  a different 
suite  of  selective  pressures  presumably  occurs  at  each.  This  may  result  in  complex 
patterns  of  geographical  variation  in  size,  such  as  that  seen  in  Gentoo  Penguins 
Pyqoscelis  papua  (Stonehouse  1970).  The  relative  isolation  of  Little  Penguins  on 
the  west  coast  of  Australia  may  have  enhanced  the  development  of  a population 
of  very  large  birds.  Indeed,  they  are  much  more  distinct  in  size  from  other  con- 
specifics  than  several  of  the  subspecies  recognised  by  Kinsky  and  Falla  (1976). 
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Three  new  Diplodactylus  (Lacertilia:  Gekkonidae) 
from  the  arid  zone  of  Australia 

G.M.  Storr* 

Abstract 

The  new  taxa  are  D.  immaculatus  from  the  Northern  Territory  and  Queensland 
and  D.  granariensis  rex  and  D.  kenneallyi  from  Western  Australia.  D.  pulcher  is 
transferred  to  the  D.  conspicillatus  group,  which  is  redefined. 

Introduction 

In  preparation  for  a handbook  on  the  gekkonid  and  pygopodid  lizards  of  Western 
Australia,  the  Diplodactylus  in  the  Western  Australian  Museum  were  re-examined, 
which  has  necessitated  the  description  of  three  new  species  and  subspecies.  When 
citing  catalogue  numbers  of  specimens  in  this  Museum  the  WAM  R prefix  is 
excluded.  Two  specimens  in  the  Australian  Wildlife  Collection,  Canberra,  kindly 
loaned  by  J.C.  Wombey,  are  prefixed  with  ANWC. 

Systematics 

Diplodactylus  immaculatus  sp.  nov. 

Figure  1 

Holotype 

21408  in  Western  Australian  Museum,  collected  by  S.N.  Wills  on  25  November  1960  at  5 km 
E Tennant  Creek,  Northern  Territory,  in  19°40^S,  134°14^E. 

Paratypes 

Northern  Territory 

Renner  Springs  (74011-4);  near  Tennant  Creek  (21409)  and  10  km  E (21494). 

Queensland 

13  km  N Mt  Isa  (55397)  and  6 km  E (55376);  Fermoy  (55436-8,  55590-1). 

Diagnosis 

A small  member  of  the  Diplodactylus  stenodactylus  group  (Kluge  1967: 
1030)  with  a pale  vertebral  stripe,  rostral  widely  precluded  from  nostril,  and 
moderately  large  subdigital  apical  plates.  Most  likeZ).  stenodactylus  hut  differing 
in  coloration  (little  or  no  facial  pattern,  few  or  no  pale  spots  on  body,  and  with 


* C/o  Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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lateral  branches  to  vertebral  stripe)  and  having  lower  rostral,  lower  first  upper 
labial,  larger  posterior  supranasal,  larger  subdigital  granules,  larger  apical  plates 
and  fewer  pre-anal  pores. 

Description 

Snout-vent  length  (mm):  49-85  (N  15).  Length  of  tail  (%  SVL):  77-96  (N  4). 

Nostril  surrounded  by  first  upper  labial,  2 supranasals  (anterior  larger  and 
precluding  rostral  from  nostril;  posterior  much  larger  [v.  slightly  larger  in  D. 
stenodactylus]  than  scales  behind  it)  and  2-3  postnasals.  Rostral  low;  median 
groove  absent  (N  12)  or  extending  down  for  10-50%  of  scale  (N  3).  No  inter- 
nasals. Upper  labials  9-12  (8-10  to  centre  of  eye),  first  not  much  higher  than 
second  (usually  much  higher  than  second  in  stenodactylus).  Dorsal  granules  as 
large  as  or  slightly  smaller  than  ventral  granules.  One  pre-anal  pore  on  each  side 
{v.  1-4  in  stenodactylus)^  located  in  a slightly  enlarged  scale.  End  of  digits  slightly 
dilated.  Apical  plates  moderately  large  (very  small  in  eastern  stenodactylus). 
Subdigital  granules  moderately  large,  especially  median  series,  which  extends 
back  well  on  to  soles;  8-12  rows  under  fourth  toe  (granules  small  in  stenodactylus 
and  in  12-17  rows). 

Dorsal  and  lateral  surfaces  reddish  brown  except  for  whitish  or  pale  reddish 
brown  vertebral  stripe  (forking  on  nape)  and  its  narrow  lateral  branches,  and 
occasionally  a faint  supraloreal  (or  canthal)  stripe. 


Figure  1 A paratype  of  Diplodactylus  immaculatus  from  13  km  N Mt  Isa,  Qld,  photographed 
by  M.  Peterson. 


Distribution 

Stony  red-brown  soils  in  northern  interior  of  Northern  Territory  and  north- 
western interior  of  Queensland.  See  map,  Figure  2. 
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Figure  2 Map  showing  location  of  specimens  of  Diploductylus  iTTimuculatus,  D.  gfanari- 
ensis  rex  and  D.  kenneallyi 


Remarks 

D.  immaculatus  and  D,  stenodactylus  are  sympatric  over  a considerable  part 
of  Northern  Territory.  Not  separating  the  two  species,  Kluge  (1967:  1050) 
found  ‘considerable  morphological  variation  from  Daly  Waters  to  Tennant  Creek^ 
For  differences  in  colour  pattern  between  them  see  Cogger  (1986);  black-and- 
white  Plate  437  is  a photograph  of  D,  immaculatus  from  Mt  Isa,  and  438  a D. 
stenodactylus  from  Port  Hedland. 

Derivation  of  name 
Latin  for  unspotted. 
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Diplodactylus  gramriensis  rex  subsp.  nov. 

Figure  3 

Holotype 

97288  in  Western  Australian  Museum,  collected  by  B.G.  Bush  on  4 October  1986  at  44  km 
SE  Leinster,  Western  Australia,  in  28°13  o,  121°00^E. 

Paratypes 

North-west  Division  (WA) 

Ophthalmia  Range  in  23°17'S,  119°07'e  (73622);  21  km  SE  Bulloo  Downs  (81510-1); 
Mooloogool  (ANWC  1926). 

Eastern  Division  (WA) 

13  km  E Wiluna  (ANWC  1748);  50  km  SE  Leinster  (97289);  29  km  ENE  Yuinmery  (69084- 
6)  and  24  km  ESE  (69029-31). 

Diagnosis 

Differing  from  D.  g.  granariensis  in  its  greater  size  (SVL  averaging  26%  longer), 
stouter  body,  bold  vertebral  stripe  (as  in  northernmost  populations  of  nominate 
race)  and  much  higher  frequency  of  specimens  with  ungrooved  rostral  (62  v.  2%). 

Description 

Snout-vent  length  (mm)  55-72  {v.  up  to  62  in  nominate  race).  Length  of  tail 
(%SVL):  56-66. 


Figure  3 Holotype  of  Diplodactylus  granariensis  rex,  photographed  in  life  by  B.G.  Bush. 
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Nostril  surrounded  by  first  labial,  rostral  (median  groove  extending  down  for 
0-30%  of  scale),  2 supranasals  and  2-4  (mostly  3)  postnasals.  Internasals  0 (N  5) 
or  1 (5).  Upper  labials  10-14  (7-10  to  centre  of  eye),  first  narrower  than  second 
but  seldom  lower.  Subdigital  apical  plates  moderately  large,  separated  on  fourth 
toe  by  2 or  3 (occasionally  4)  rows  of  granules  from  median  series  of  3-5  mode- 
rately large,  subcircular  scales,  often  poorly  differentiated  from  2-4  rows  of 
smaller  subcircular  scales,  Cloacal  spur  comprising  2-6  long  pointed  scales, 

Dorsally  brown  except  for  moderately  wide,  white  or  pale  brown  vertebral 
stripe  to  tip  of  tail,  forking  on  neck  (branches  extending  to  eye  and  separated 
by  a dark  V or  Y on  occiput  and  nape),  with  a straight  or  crenulate  edge,  and 
margined  narrowly  or  widely  with  dark  to  very  dark  brown.  One  or  two  series 
of  irregular  brownish  white  spots  or  blotches  on  side  of  body,  occasionally 
represented  by  stripes  separated  by  a dark  brown  midlateral  stripe. 

Distribution 

Western  plateau  of  Western  Australia  between  the  Tropic  and  lat.  28°  30' 
S.  See  map,  Figure  2. 

Remarks 

For  a description  of  the  nominate  race  see  under  D.  granariensis  in  Storr 
(1979:  397). 

Derivation  of  name 
Latin  for  king. 

Diplodactylus  kenneallyi  sp.  nov. 

Figure  4 


Holotype 

95245  in  Western  Australian  Museum,  collected  by^R.  Miller  on  4 August  1986  at  foot  of 
stony  hill  near  Lake  Buchanan,  Western  Australia,  in  25  35  S,  123  05  E. 

Diagnosis 

A short-tailed  member  of  the  D.  conspicillatus  group  (redefined  below)  with 
moderately  large  subdigital  granules  and  apical  plates,  rostral  (but  not  first  labial) 
precluded  from  nostril  and  very  deep,  narrow,  concave-sided  mental.  Further 
distinguishable  from  D,  conspicillatus  and  D.  savagei  by  its  distinct  upper  and 
lower  labials,  from  D.  pulcher  by  its  deep  and  narrow  first  lower  labial,  and  from 
all  three  species  by  its  distinctive  coloration. 

Description  (of  only  available  specimen) 

Snout-vent  length  (mm):  47.5.  Length  of  tail  (%  SVL):  41.  Snout  short  and 
pointed  (as  in  D.  pulcher  but  nasal  region  not  so  swollen).  Tail  slightly  dilated 
behind  postanal  constriction. 
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Figure  4 Holotype  of  Diplodactylus  kenneallyi,  photographed  in  life  by  B.  Miller. 


Nostril  surrounded  by  first  labial  (very  narrowly),  2 supranasals  (anterior 
narrow,  not  much  larger  than  posterior,  and  widely  separated  from  its  opposite 
number)  and  2 postnasals.  Rostral  very  high,  not  grooved.  Internasals  2.  Upper 
labials  11  (10  back  to  centre  of  eye);  first  very  high,  rest  not  much  larger  than 
adjacent  scales.  Dorsal  granules  much  larger  than  ventral  granules.  Caudal  granules 
still  larger,  flat,  rectangular  and  arranged  in  whorls.  12-13  rows  of  granules  below 
fourth  toe.  No  pre-anal  pores. 

Dorsal  surfaces  brown  (palest  on  nape,  above  temples,  along  middle  of  back 
and  on  base  of  tail;  darkest  on  narrow  transverse  band  immediately  in  front  of 
dilated  part  of  tail).  Side  of  body  chocolate  brown,  densely  dotted  white. 

Distribution 

Only  known  from  one  locality  in  far  west  of  Gibson  Desert  (north  of  Car- 
negie). See  map,  Figure  2. 

Derivation  of  name 

After  botanist  K.F.  Kenneally  in  recognition  of  his  services  to  Western  Aust- 
ralian natural  history. 


Diplodactylus  conspicillatus  group 

When  searching  for  possible  relatives  oi  Diplodactylus  kenneallyi,  it  was  observed 
that  it  shared  several  characters  with  D.  conspicillatus,  D.  savagei  and  D.  pulcher. 
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The  last-named  was  placed  by  Kluge  (1967:  1029)  in  theZ).  vittatus  group,  but  I 
believe  that  it  belongs  to  the  D.  conspicillatus  group,  which  is  redefined  as  follows: 

Small  to  moderately  large,  terrestrial  members  of  subgenus  Diplodactylus  with 
snout  short,  pointed  and  tending  to  be  swollen  around  nostril;  tail  very  to  mo- 
derately short,  weakly  or  strongly  constricted  at  base,  larger  part  slightly  to  greatly 
dilated  and  covered  with  whorls  of  rectangular  scales  which  are  much  larger  than 
dorsal  granules  (which  are  much  larger  than  ventrals);  rostral  moderately  high  to 
very  high  and  not  entering  nostril;  anterior  supranasal  narrow,  curving  around 
nostril  and  widely  separated  from  its  opposite  number;  first  much  the  largest  of 
upper  labials;  other  labials  mostly  not  or  not  greatly  differentiated  from  scales 
above  or  below  them;  no  pre-anal  pores. 
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Australites  from  Mount  Remarkable  Station  and  adjoining 
parts  of  Yerilla  Station,  Western  Australia 

W.H.  Cleverly* 

Abstract 

Collections  of  australites  totalling  926  specimens  found  on  Mount  Remarkable 
and  Yerilla  Stations  in  the  semi-arid  interior  of  Western  Australia  have  been  ex- 
amined. The  more  representative  units  within  those  collections  totalling  476 
australites  were  used  for  studies  of  morphology,  specific  gravity  and  mean  weights. 
Most  of  the  australites  are  badly  abraded,  weathered  or  broken,  only  53%  being 
morphologically  classifiable.  The  frequency  diagram  of  specific  gravity  has  a single 
mode  in  the  2.45-2.46  interval  and  no  values  above  2.47,  suggesting  that  the  austra- 
lites belong  to  the  ‘normal  australite*  chemical  type.  The  mean  weight  of  whole 
australites  is  4.74  g and  of  all  specimens  2.73  grams. 


Introduction 

The  homestead  of  Mount  Remarkable  Station  is  167  km  north-north-east  of 
Kalgoorlie  at  29°19'S,  121°59'E:  Yerilla  Station  adjoins  on  the  west  and  south 
sides  (Figure  1).  These  stations  are  within  the  semi-arid  interior  of  Western 
Australia,  a region  of  low  relief  with  internal  drainage  to  salt  lakes  which  rapidly 
evaporate  to  dryness.  Most  larger  lakes  are  elongate  and  occupy  the  modified 
remnants  of  old  river  valleys  dating  from  a time  of  wetter  climate.  The  larger 
lakes  tend  to  occur  in  chains  and  after  rare  heavy  rains  they  overflow,  link  up, 
and  re-create  parts  of  the  old  drainage  system. 

Australites  are  generally  found  on  the  surface  of  the  ground  or  partially  em- 
bedded in  soil  or  other  surficial  materials.  Solifluction  processes  and  rain-wash 
move  australites  towards  the  lakes.  They  are  therefore  found  especially  on  the 
low-lying  approaches  to  the  lakes,  in  the  beds  of  ephemeral  rain-wash  streams, 
on  the  alluvial  fans  of  such  streams  and  elsewhere  along  the  margins  of  the  lakes. 

Australite  flakes  and  flaked  ‘cores’  (the  remnant  pieces  from  which  flakes 
have  been  removed)  are  found  occasionally  with  other  rock  artifacts  at  former 
Aboriginal  campsites.  They  thus  constitute  a special  case  of  both  the  sites  of 
occurrence  and  the  nature  of  the  australite  specimens  (Cleverly  and  Cleverly 
1985). 

In  1972  or  1973,  a party  of  men  collected  about  2000  australites  along  the 
western  boundary  of  Mount  Remarkable  Station  for  commercial  purposes. 
Examination  of  the  australites  was  not  permitted  but  Mr  K.  Jenkins  purchased 
from  searchers  46  specimens  which  were  unacceptable  to  the  organiser  of  the 


* Western  Australian  School  of  Mines,  PO  Box  597,  Kalgoorlie,  Western  Australia  6430. 
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Figure  1 Map  of  Mount  Remarkable  Station  (firm  line  boundary)  and  adjoining  parts  of 
Yerilla  Station  showing  sites  of  find  and  numbers  of  australites  other  than  single 
specimens  in  the  Tillotson  and  WA  School  of  Mines  collections. 

search  because  of  small  size  or  frailty.  They  include  19  small  flanged  forms 
or  their  derivatives,  17  small  bowls  and  tray  forms  and  3 specimens  with  the 
features  accepted  by  Chapman  (1964:  857)  as  showing  that  they  overturned  and 
re-stabilised  during  ablation  flight.  The  remnant  thus  shows  unusually  interest- 
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ing  morphology  but  is  a highly  biased  sample.  The  commercial  search  drew 
attention  to  the  area  and  Western  Australian  School  of  Mines  parties  made  several 
visits  to  Mount  Remarkable  Station,  collecting  principally  along  the  western 
boundary  and  at  the  south-east  corner  (Figure  1).  The  Mount  Remarkable  speci- 


mens examined  were:- 

WA  School  of  Mines  collection  359 

Purchased  specimens  of  K.  Jenkins,  W.  boundary  46 

Private  collection  of  N.  Moyland  (in  part),  unlocated  15 

The  specimens  from  Yerilla  Station  examined  were:- 

Tillotson  private  collections,  Boyce  Creek  143 

WA  School  of  Mines,  Boyce  Creek  and  elsewhere  on 

Yerilla  Station  34 

Tillotson  collections,  McAuliffe  Well  119 

WA  School  of  Mines,  McAuliffe  Well  210 


The  187  WA  School  of  Mines  specimens  from  the  north-west  boundary  and 
142  from  the  south-east  corner  of  Mount  Remarkable  Station  are  the  products 
of  careful  collecting  in  limited  areas.  This  is  true  also  for  the  total  of  147  speci- 
mens (Tillotson  collections  and  School  of  Mines)  from  Boyce  Creek.  These  three 
items  therefore  have  the  best  chance  of  constituting  representative  samples. 
The  other  major  items  listed  above  are  from  McAuliffe  Well.  Nearly  95%  of  these 
items  are  flakes  or  flaked  cores  which  were  found  in  circumstances  strongly 
suggesting  that  they  are  artifacts.  They  are  completely  uncharacteristic  of  aust- 
ralite  occurrences  generally  and  constitute  one  of  the  only  two  known  examples 
of  the  abundant  occurrence  of  australite  flakes  in  the  Eastern  Goldfields  region 
(Cleverly  and  Cleverly  1985).  Thus  of  the  more  than  900  specimens  examined, 
only  476  were  accepted  as  satisfactory  samples  for  studies  of  morphology,  spe- 
cific gravity  and  average  weights. 


Specific  Gravity 

The  acceptable  samples  from  Mount  Remarkable  Station  are  from  two  localities 
26  km  apart:  Boyce  Creek  on  Yerilla  Station  is  more  than  10  km  further  distant 
(Figure  1).  If  these  samples  are  parts  of  a single  population,  they  can  be  treated  as 
a single  unit.  This  possibility  was  investigated  through  specific  gravity  which  is 
closely  related  to  chemical  type  (Chapman  1971), 

The  mean  specific  gravity  for  a sample  of  25  specimens  from  the  western 
boundary  of  Mount  Remarkable  Station  is  2.449  with  standard  deviation  0.011, 
and  for  a sample  of  25  from  the  south-east  corner,  2.449  ± 0.010.  The  weighted 
mean  is  2.451  for  each  sample.  Frequency  diagrams  of  specific  gravity  for  each 
sample  show  single  pronounced  modes  in  the  2.45  — 2.46  interval.  These  aust- 
ralites  were  therefore  accepted  as  parts  of  the  same  population.  A frequency 
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diagram  of  specific  gravity  for  the  50  australites  from  the  combined  Mount 
Remarkable  localities  is  shown  in. Figure  2 with  the  diagram  for  265  specimens 
from  Boyce  Creek,  Yerilla  Station  (Chapman  1971,  Figure  5).  Chapman’s  sample 
was  taken  from  the  Tillotson  collections  in  which  specimens  from  McAuliffe 
Well  are  included  under  the  heading  ‘Boyce  Creek’.  The  sample  therefore  con- 
tained 45%  flakes  or  flaked  cores.  Flaking,  like  other  kinds  of  fragmentation, 
may  affect  specific  gravity  (Cleverly  1988:  42)  and  is  probably  a contributory 
factor  to  the  small  differences  between  the  frequency  diagrams.  The  relatively 
small  number  of  specimens  in  the  Mount  Remarkable  sample  might  also  be 
contributory.  However,  the  general  form  of  the  Mount  Remarkable  diagram 
with  a single  strong  mode  in  the  2.45  — 2.46  interval  and  a lack  of  any  values 
above  2.47  suggests  that  the  austreilites  belong  to  the  same  ‘normal  australite’ 
chemical  type  as  those  of  Boyce  Creek  (Chapman  1971).  Thus  the  476  speci- 
mens from  Mount  Remarkable  and  Yerilla  Stations  can  be  treated  as  a single 
unit. 


Figure  2 Frequency  diagrams  of  specific  gravity  for  australites.  Open  circles:  diagram  of 
50  australites  from  Mount  Remarkable  Station.  Filled  circles:  diagram  of  265 
specimens  from  Boyce  Creek  inclusive  of  McAuliffe  Well  redrawn  from  Chapman 
(1971,  Figure  5). 

Morphology 

The  morphological  classification  in  Table  1 follows  the  system  of  Qeverly  (1986) 
for  the  476  australites  discussed  above.  Only  26  of  the  48  shape  types  in  the 
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system  are  represented.  Of  those  26  shape  types,  only  4 are  in  quantities  greater 
than  5%  of  the  classifiable  specimens. 

Extracts  from  Table  1 are  used  in  Table  2 to  make  a comparison  with  austral- 
ites  from  Hampton  Hill  Station,  c.  100  km  to  the  south  (Cleverly  1986).  The 
classifiable  specimens  (items  1 and  2,  Table  2)  total  53.2%  compared  with  49.8% 


Table  1 Morphological  classification  and  masses  of  australites  from  Mount  Remarkable 
and  Yerilla  Stations  according  to  the  system  of  Cleverly  (1986). 


Shape  type 

Number  of  specimens 

Whole  Broken  Total 

Weights  of  complete  specimens 
(g) 

Lightest  Heaviest  Mean 

Button 

_ 

1 

1 

. 

_ 

. 

Round  bowl 

1 

6 

7 

0.17 

- 

- 

Round  indicator  I 

5 

2 

7 

0.61 

4.21 

2.04 

Lens 

50 

22 

72 

0.29 

2.99 

1.26 

Round  indicator  II 

4 

- 

4 

3.89 

6.48 

5.18 

Round  core 

23 

6 

29 

2.49 

20.97 

7.30 

Broad  oval  bowl 

3 

2 

5 

0.22 

0.36 

0.27 

Broad  oval  canoe 

1 

- 

1 

1.80 

. 

Broad  oval  lens 

8 

1 

9 

0.16 

2.60 

1.33 

Broad  oval  core 

11 

1 

12 

1.98 

35.31 

8.86 

Flanged  narrow  oval 

- 

2 

2 

- 

- 

_ 

Narrow  oval  lens 

5 

4 

9 

1.11 

2.05 

1.65 

Narrow  oval  indicator  II 

1 

- 

1 

8.03 

_ 

_ 

Narrow  oval  core 

8 

2 

10 

5.44 

20.81 

11.05 

Boat-indicator  I 

1 

. 

1 

1.17 

_ 

Boat-lens 

3 

5 

8 

1.36 

9.18 

5.39 

Boat-indicator  II 

2 

- 

2 

2.48 

3.87 

3.18 

Boat-core 

5 

1 

6 

5.05 

24.74 

11.01 

Dumbbell-canoe 

1 

- 

1 

2.12 

_ 

Dumbbell-lens 

5 

9 

14 

0.42 

6.50 

2.62 

Dumbbell-indicator  II 

1 

- 

1 

7.79 

_ 

_ 

Dumbbell-core 

1 

3 

4 

63.60 

- 

Teardrop-lens 

5 

1 

6 

0.58 

2.05 

1.20 

Teardrop-core 

1 

- 

1 

5.64 

- 

- 

Conical  core 

33 

- 

33 

1.41 

22.43 

5.58 

Aberrant 

5 

2 

7 

2.14 

8.74 

5.76 

183 

70 

253 

Overall  mean: 

4.74  g 

Unclassifiable,  mostly  fragments  212 

Flakes  and  flaked  cores  1 1 
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Figure  3 Australites  from  Mount  Remarkable  and  Yerilla  Stations,  Western  Australia,  natural 
size  unless  otherwise  stated.  In  elevational  views,  direction  of  flight  is  towards 
bottom  of  page.  A.  Round  indicator  I,  posterior  view,  x 1.33.  B.  Part  of  posterior 
surface  of  A showing  abundance  of  ‘fingers’,  x 4.  C.  Button,  core  barely  emergent, 
posterior  view,  x 1.5.  For  cross  section  see  Cleverly  (1979,  Figure  4E).  D.  Round 
bowl,  posterior  view,  x 1.8.  For  cross  section  see  Cleverly  (1979,  Figure  4F).  E. 
Round  core,  elevational  view  above,  anterior  view  below.  F.  ‘Small’  round  core, 
elevational  view,  flight  orientation  uncertain.  G.  Flanged  broad  oval,  posterior 
view.  H.  Broad  oval  indicator  I,  posterior  view.  J.  Broad  oval  lens,  elevational 
view  above,  anterior  view  below,  x 1.5.  K.  Broad  oval  with  ‘tortoise-shell’  ridges 
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on  posterior  surface.  L.  Broad  oval  core,  shape  affected  by  flake  losses,  posterior 
view.  M.  Broad  oval  core,  posterior  view  above,  side  elevation  below.  N.  Narrow 
oval  canoe,  posterior  surface  above,  side  elevation  below,  x 1.5.  O.  Narrow  oval  lens 
posterior  view  above,  end  and  side  views  below,  x 1.33.  P.  Narrow  oval  core, 
posterior  and  side  views.  Q.  Narrow  oval  core,  posterior  view  above,  side  view 
below.  R.  Narrow  oval  lens  with  butt  of  flange,  posterior  view.  S.  Boat  indicator 
II,  posterior  view  above,  anterior  below  showing  wedged  form  of  core.  T.  Boat 
indicator  II  with  saw-cut  on  junction  of  core  with  stress  shell,  posterior  view 
above,  anterior  below.  U.  About  half  of  a flanged  dumbbell,  posterior  view  above, 
side  view  below.  V.  Asymmetrical  dumbbell-lens  derived  from  dumbbell-canoe, 
posterior  view  above,  side  view  below. 


Table  2 Comparison  between  australites  from  1.  Mount  Remarkable-Yerilla  area  (this 
work).  2.  Hampton  Hill  Station  (Cleverly  1986).  3.  Beltana,  SA  (Chalmers  ef  a/. 
1976). 


1 

2 

3 

1.  Complete  forms  or  essentially  so  % 

38.5 

36.5 

2.  Incomplete  but  classifiable  % 

14.7 

13.3 

3.  Unclassifiable,  mostly  fragments  % 

44.5 

49.1 

4.  Flakes  and  flaked  cores  % 

2.3 

1.1 

5.  Round  forms  % 

59.8 

66.0 

6.  Broad  oval  forms  % 

13.4 

9.8 

7.  Narrow  oval  forms  % 

8.9 

8.1 

8.  Boat  forms  % 

6.9 

4.5 

9.  Dumbbell  forms  % 

8.1 

8.4 

10.  Teardrop  forms  % 

2.9 

3.2 

11.  Flanged  forms,  discs  and  plates,  bowls  and  canoes  % 

6.9 

0.6 

12.  Indicators  I % 

3.3 

0.6 

13.  Lens  forms  % 

47.9 

53.6 

14.  Indicators  II  % 

3.3 

0.2 

15.  Cores  including  conical  % 

38.6 

45.0 

16.  Number  of  essentially  complete  australites 

183 

7993 

101 

17.  Mean  weight  of  above  (g) 

4.74 

3.08 

5.0 

18,  Total  number  in  sample 

476 

21927 

212 

19.  Mean  weight  of  all  specimens  (g) 

2.73 

1.99 

3.14 

for  the  sample  from  Hampton  Hill  Station,  suggesting  that  the  general  environ- 
ment of  weathering  and  erosion  has  been  slightly  less  severe  in  the  northern 
locality.  A possible  explanation  for  the  difference  is  that  the  find  sites  in  the 
Mount  Remarkable-Yerilla  area,  though  mostly  in  the  approaches  to  Lake  Raeside 
and  in  the  beds  of  entering  streams,  are  much  less  exposed  than  the  wide  Lake 
Yindarlgooda  and  its  approaches  (Cleverly  1986,  Figure  1),  where  abrasion  by 
blown  sand  is  severe. 
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Figure  4 Australites  from  Mount  Remarkable  and  Yerilla  Stations,  Western  Australia,  natural 
size  unless  otherwise  stated.  In  elevational  views,  direction  of  flight  is  towards 
bottom  of  page.  A.  Dumbbell-indicator  II,  posterior  view  above,  elevational  and 
anterior  views  below.  B.  Dumbbell-indicator  II,  posterior  view  above,  elevation 
below.  C.  Stout-waisted  dumbbell-core,  posterior  view  above  showing  loss  by 
abrasion  at  upper  left,  side  and  left-hand  end  elevations  below  and  below  right,  all 
X 0.67.  D.  Asymmetrical  dumbbell-core,  posterior  view  above  and  side  elevation 
below.  E.  Teardrop-lens,  posterior  view  above,  elevation  below,  x 1.5.  F.  Teardrop- 
lens  with  breached  central  bubble  cavity,  posterior  view  with  back  lighting,  x 2. 

G.  Teardrop-indicator  I,  posterior  view  above,  elevational  and  anterior  views  below. 

H.  Conical  core,  posterior  view  above,  side  and  end  elevations  below.  J.  Canoe- 
like aberrant,  supposed  anterior  surface.  K.  Round  indicator  1,  posterior  view 
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showing  supposed  flow  ridge,  side  and  anterior  views  below,  x 1.75.  L.  Round 
bowl,  broken,  posterior  view  with  trace  of  ridge  on  posterior  surface,  x 1.5.  M. 
Slightly  oval  indicator  I,  posterior  view  showing  ridge  on  posterior  surface,  x 1.5. 
N.  Fragment  of  elongated  flanged  form  on  left  and  naturally  etched  broken  sur- 
face of  the  same  at  right  enlarged  x 4,  showing  schlieren  normal  to  primary  (post- 
erior) surface  at  upper  left,  dragged  along  secondary  surface  at  lower  right  and 
coiled  into  flange.  O.  Australite  pebble,  shape  classification  indeterminate.  P. 
Composite  fragment  of  flange  plus  stress  shell,  inner  (broken)  surface.  Q.  Com- 
posite fragment  of  flange  plus  stress  shell,  broken  inner  surface  on  left,  outer 
surface  with  flow  ridges  on  right. 

The  abundances  of  the  plan  view  shapes  adjusted  according  to  the  method  of 
Cleverly  (1986:  88)  are  shown  in  items  5-10  of  Table  2.  They  do  not  differ 
greatly  between  samples  from  the  two  stations,  provided  that  the  totals  of  round 
and  broad  oval  shapes  (73.2%  and  75.8%)  are  used  in  the  comparison.  Such  a 
procedure  is  justified  because  personal  judgment  is  involved  in  distinguishing 
between  those  two  shapes. 

The  percentages  of  the  elevational  view  shapes  (items  11-15,  Table  2)  are 
distinctly  different  in  samples  from  the  two  stations.  Flanged  and  fragile  forms 
and  indicators  still  in  progress  towards  lens  and  core  forms  total  13.5%  in  the 
Mount  Remarkable-Yerilla  sample  compared  with  only  1.4%  for  the  Hampton 
Hill  sample.  These  figures  confirm  that  weathering  and  erosion  processes  have 
been  somewhat  less  severe  in  the  more  northern  localities. 

Mean  Weights 

The  mean  weights  of  australites  from  Mount  Remarkable-Yerilla  (items  17  and 
19,  Table  2)  are  rather  high  compared  with  those  for  the  Hampton  Hill  sample. 
Higher  mean  weights  have  been  reported  from  elsewhere  in  Australia,  but  most 
of  them  are  suspect  for  one  or  more  of  the  following  reasons: - 

(a)  The  sample  is  numerically  small  in  conjunction  with  a high  mean  weight 
for  all  specimens,  whether  whole  or  fragment,  suggesting  casual  or  incom- 
plete collecting. 

(b)  The  few  specimens  of  very  high  mean  weight  ('^10-20  g)  were  sparsely  dis- 
tributed over  a very  large  area  e.g.  the  Murray-Darling  confluence  region 
(Baker  1973)  or  northern  Western  Australia  (Cleverly  1976).  Such  austral- 
ites might  have  been  transported  there  by  human  agency. 

(c)  The  sample  is  too  good  to  be  believable  as  representative,  e.g.  the  collection 
from  Morgan,  SA  (Baker  1968),  in  which  all  148  specimens  are  nameable 
and  only  3 incomplete.  A bias  towards  retention  of  the  most  perfect  speci- 
mens for  the  private  collection  is  suspected  because  Mawson  (1958)  had 
reported  45.1%  un-nameable  fragments  in  a collection  of  1475  specimens 
from  the  same  region  and  a much  smaller  average  weight.  Australites  from 
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Beltana,  SA  (Table  2)  are  perhaps  a genuine  example  of  higher  mean  weights 
than  for  australites  from  the  Mount  Remarkable- Yerilla  area,  though  the 
numbers  of  specimens  are  small  and  paragraph  (a)  above  might  therefore 
apply.  The  mean  weights  for  the  examined  material  have  been  accepted 
in  the  absence  of  any  conflicting  evidence. 

Notes  on  some  individual  specimens 

Details  of  13  small  specimens,  mostly  bowls  in  the  weight  range  0.10-0.45  g,  have 
been  given  by  Cleverly  (1979). 

Four  previously  described  aberrant  specimens  are  from  various  points  on 
Mount  Remarkable  and  Yerilla  Stations  (Cleverly  1982a).  Three  further  speci- 
mens in  the  collection  of  Mr  K.  Jenkins  have  ridges  which  are  thought  to  be 
flow  ridges  on  both  major  surfaces  (Figure  4K-M)  and  a flange  appropriate  to  one 
of  the  sets  of  ridges.  These  features  suggest  that  the  australites  overturned  com- 
pletely and  re-stabilised  during  ablation  flight,  the  flange  being  that  developed 
during  the  second  orientation.  The  three  specimens  closely  resemble  a rather 
better  preserved  one  from  the  Kalgoorlie  area  which  was  thus  interpreted  by 
Chapman  (1964:  857  and  Figure  18).  The  three  views  in  Chapman’s  figure  are 
closely  comparable  with  the  three  views  shown  in  Figure  4K  of  this  paper. 

Four  hollow  australites  from  Mount  Remarkable  and  Yerilla  Stations  have 
been  described  by  Cleverly  (1982b).  Several  other  hollow  forms  have  been  col- 
lected including  a teardrop  lens  from  Boyce  Creek  with  breached  cavity  c.  5 mm 
diameter  (if  spherical)  located  on  the  line  of  flight  (Figure  4F). 

Australite  flakes  and  flaked  cores  found  in  association  with  rock  flakes  at 
water  sources,  suggesting  that  they  are  artifacts,  have  been  noted  on  Mount 
Remarkable  Station  at  a claypan  adjoining  Shorty  Dam  and  on  a low  rise  over- 
looking Davis  Creek  (Figure  1).  Similar  material  has  been  recovered  on  Yerilla 
Station  at  Prospector  Pool,  Four  Mile  Pool,  Top  Pool  and  McAuliffe  Well:  lo- 
cation and  recover^^  details  have  been  given  by  Cleverly  and  Cleverly  (1985). 

Other  notable  specimens  include  a rare  example  of  an  australite  (a  boat-core) 
firmly  cemented  into  ferruginous  grit  in  the  bed  of  Davis  Creek  (Cleverly  and 
Kirsch  1984).  A stout-waisted  dumbbell-core  weighing  63.6  g (Figure  4C)  was 
found  on  its  side  and  firmly  wedged  into  slaty  outcrop  in  the  bed  of  Crossland 
Creek  near  its  discharge  into  Lake  Raeside.  The  shape  has  been  visibly  affected 
by  abrasion  losses  from  the  upper  side  by  the  sand  swept  over  it  though  the  mean 
annual  rainfall  is  only  about  200  mm  and  it  is  unlikely  that  the  creek  would  flow 
more  than  once  or  twice  a year,  and  then  very  briefly.  Half  a flanged  dumbbell 
(Figure  3U)  and  a partially  flanged  teardrop  (Figure  4G)  are  also  noteworthy. 
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Observations  on  the  marine  distribution  of  Tropicbirds, 
Sooty  and  Bridled  Terns,  and  Gadfly  Petrels  from  the 
eastern  Indian  Ocean 
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Abstract 

Observations  of  pelagic  birds  were  made  in  the  eastern  Indian  Ocean  during  a 
cruise  on  R.V.  Franklin  during  October  1987.  The  Christmas  Island  form  of  the 
White-tailed  Tropicbird  Phaethon  lepturus  fulvus  was  observed  up  to  1300  km 
ESE  of  their  breeding  station,  in  water  close  to  the  shelf  edge.  White-tailed  Tropic- 
birds  generally  occupied  water  masses  of  lower  salinity  than  Red-tailed  Tropic- 
birds  Phaethon  rubricauda  and,  as  a consequence,  the  two  species  were  not  re- 
corded in  close  proximity.  Both  species  foraged  solitarily.  The  relatively  high 
salinities  in  the  marine  habitat  of  P.  rubricauda  may  explain  its  penetration  of  the 
sub-tropics  as  a breeding  species.  A short-lived  breeding  episode  at  Rottnest  Island 
apparently  followed  a period  of  relatively  low  sea  surface  salinity,  approaching 
the  range  recorded  for  this  species  at  sea.  Such  oceanographic  events,  associated 
with  the  strength  of  the  Leeuwin  Current,  may  underly  the  range  extension  of 
P.  rubricauda  into  south-western  Australia. 

Observations  of  Bulweria  bulwerii,  Pterodroma  baraui  and  P.  rostrata  recorded 
during  the  cruise  suggest  that  these  gadfly  petrels  are  seasonal  visitors  to  the  tropi- 
cal, eastern  Indian  Ocean. 

Sooty  Terns  Sterna  fuscata  did  not  occupy  water  masses  where  the  sea  surface 
temperature  was  much  below  23  C and  apparently  preferred  active  warm  current 
areas,  such  as  the  South  Equatorial  Current.  Bridled  Terns  S.  anaethetus  frequented 
the  higher  salinity  waters  which  occur  across  the  continental  shelf  over  a wide 
latitudinal  range. 


Introduction 

The  distribution  of  marine  birds  off  the  western  coast  of  Australia,  and  the 
factors  governing  their  occurrence,  are  little  known.  This  coast  is  unusual  because 
it  is  influenced  by  a ‘through  flow’  of  water  from  the  western  Pacific  Ocean. 
This  throughflow,  as  well  as  contributing  to  the  South  Equatorial  Current,  is 
thought  to  give  rise  to  the  Leeuwin  Current  in  which  warm,  low  salinity,  surface 
waters  flow  southwards  seasonally  along  the  continental  shelf  (Pearce  and  Cress- 
well  1985). 

The  Leeuwin  Current  has  been  implicated  in  the  southwards  expansion  of 
breeding  ranges  in  several  seabird  species  on  this  coast  (Dunlop  and  Wooller 
1985)  but  the  distributions  of  seabirds  away  from  their  breeding  colonies  is 
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poorly  documented.  During  an  investigation  of  the  Pacific  throughflow  during 
1987,  the  opportunity  was  taken  to  survey  seabirds  in  this  area.  The  general 
relationships  between  seabird  assemblages  and  the  marine  environments  traversed 
have  been  reported  elsewhere  (Dunlop  et  al.  1989).  This  paper  deals  specifically 
with  three  groups,  the  tropicbirds  {Phaethon  spp.),  terns  {Sterna  spp.)  and  gadfly 
petrels  {Pterodroma  and  Bulweria  spp.). 

Methods 

All  observations  were  made  on  Cruise  9 of  the  CSIRO  oceanographic  vessel  R.  V. 
Franklin  from  2 until  22  October  1987.  Departing  Fremantle,  the  course  went 
northwards  along  the  continental  shelf  to  the  Montebello  Islands  and  Rankin 
Bank,  and  then  in  a north-westerly  direction  across  oceanic  waters  to  Christmas 
Island  (312  km  south-east  of  Java  Head  and  1400  km  from  the  north-west  Aust- 
ralian coast).  Eight  days  were  spent  working  in  Christmas  Island  waters,  traversing 
areas  to  the  south-east,  east,  north-east,  west  and  south-west  of  the  Island.  The 
vessel  then  returned  in  an  east-south-easterly  direction  across  the  North  Australian 
Basin  and  the  continental  shelf  to  Broome. 

Throughout  the  cruise  the  vessel’s  thermosalinograph  monitored  sea  temperature 
and  salinity  4 m below  the  surface.  The  location  of  the  ship  was  obtained  using 
the  GPS  Satellite  Navigation  System.  Current  vectors  were  regularly  available 
from  an  acoustic  Doppler  current  profiler  and,  at  intervals  off  north-western 
Australia,  from  conductivity/temperature/depth  sampling.  All  observations  were 
of  birds  passing  within  300  m of  the  vessel  and  the  identifications  were  made 
with  the  aid  of  binoculars. 


Results  and  Discussion 


Tropicbirds 

The  eastern  Indian  Ocean  has  breeding  populations  of  both  the  White-tailed 
Tropicbird  Phaethon  lepturus  and  Red-tailed  TropicbirdP.  rubricauda.  All  breed- 
ing colonies  of  Phaethon  lepturus  are,  within  the  tropics,  on  atolls  such  as  North 
Keeling  Island  in  the  Cocos/Keeling  group  (Figure  1),  Christmas  Island  and  the 
Ashmore/Cartier  group  (Stokes  et  al  1984,  Dunlop  1988).  Except  for  Christmas 
Island,  with  an  estimated  12000  breeding  pairs,  these  populations  are  small 
(Dunlop  1988). 

The  largest  colony  of  Red-tailed  Tropicbirds  in  the  region  also  occurs  on 
Christmas  Island.  A few  isolated  nests  of  this  species  have  also  been  recorded  from 
North  Keeling,  the  Ashmore/Cartier  group  and  the  Rowley  Shoals  (Stokes  et  al, 
1984,  Dunlop  1988,  Berry  1986).  However,  unlike  the  White-tailed  Tropicbirds, 
Red-tailed  Tropicbirds  have  also  nested  on  subtropical,  continental  islands  in- 
cluding the  Houtman  Abrolhos,  Rottnest  Island  and  Sugarloaf  Rock,  near  Cape 
Naturaliste.  The  species  no  longer  nests  at  the  Abrolhos  and  there  was  only  a 
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transient  breeding  episode  on  Rottnest,  but  the  small  colony  at  Sugarloaf  Rock 
survives  (Tarburton  1977,  Storr  et  al.  1986). 


Figure  1 The  location  of  tropicbird  breeding  colonies  mentioned  in  the  text,  and  other 
named  features. 
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White-tailed  Tropicbirds  from  the  Christmas  Island  population  show  a very 
distinctive,  apricot  plumage  suffusion,  giving  rise  to  the  name  Golden  Bosunbird. 
Largely  because  of  this  coloration,  Christmas  Island  birds  are  regarded  as  a separate 
subspecies  P,  lepturus  fulvus.  However,  there  is  considerable  variation  in  the 
extent  and  intensity  of  the  apricot  wash  and  about  7 per  cent  of  breeding  adults 
show  no  trace  of  it.  Thus,  whilst  all  golden  birds  observed  at  sea  can  be  identified 
as  from  the  Christmas  Island  population,  it  cannot  be  assumed  that  pure  white 
individuals  are  not. 

All  but  two  of  the  31  White -tailed  Tropicbirds  observed  at  sea  had  the  rich, 
apricot  plumage  suffusion  characteristic  of  the  Christmas  Island  population. 
A white  specimen  recorded  close  to  Christmas  Island  was  also  assumed  to  be  from 
this  population  but  a second  white  bird,  observed  1185  km  to  the  east-south -east, 
may  well  have  come  from  a different  source  (Figure  2). 

The  tropicbirds  were  never  observed  feeding  in  association  with  other  seabirds 
or  in  flocks.  All  of  the  six  Red-tailed  Tropicbirds  sighted  were  solitary.  Golden 
Bosunbirds  were  observed  in  twos,  either  in  flight  or  sitting  on  the  water,  but  all 
individuals  of  this  species  actively  fishing  (plunge-diving)  were  alone.  Plunge- 
diving was  recorded  in  a Golden  Bosunbird  only  3.7  km  from  Christmas  Island; 
the  closest  feeding  Red-tailed  Tropicbird  observed  was  120  km  from  this  colony. 

The  readily -identified  Christmas  Island  (fulvus)  form  of  the  White-tailed 
Tropicbird,  although  more  abundant  near  the  Island,  was  recorded  at  extreme 
distances  of  357,  907  and  1339  km  (Figure  2).  Pocklington  (1967),  from  ob- 
servations in  July,  recorded  the  Golden  Bosunbird  in  oceanic  waters  off  north- 
western Australia  more  than  1460  km  from  Christmas  Island  (Figure  2).  In  the 
same  waters,  Pocklington  (1967)  also  encountered,  all-white  P.  lepturus  and  one 
specimen  with  the  rosy  plumage  suffusion  known  in  the  Ascension  Island  race 
(Stonehouse  1962).  In  June  1986,  a single  specimen  of  the  Golden  Bosunbird 
was  observed  well  to  the  north-east  of  Christmas  Island  at  2°18'N,  89°57'E 
(Chapman  and  Cheshire  1987)  and  apricot-plumaged  birds  have  also  been  sighted 
to  the  south-west,  over  the  Cocos/Keeling  Islands  (Gibson-Hill  1947). 

Red-tailed  Tropicbirds  from  Christmas  Island  cannot  be  distinguished  at  sea 
from  those  of  other  populations.  However,  the  population  there  vastly  out- 
numbers any  other  colony  in  the  region,  which  seldom  exceed  a few  isolated 
nests.  It  is  probable,  therefore,  that  most  of  the  sightings  were  of  Christmas 
Island  birds,  even  at  a distance  of  1593  km  (Figure  2).  Interestingly,  Pocklington 
(1967)  did  not  record  this  species  off  north-western  Australia  in  July. 

White-tailed  and  Red-tailed  Tropicbirds  were  never  sighted  together.  Tropic- 
birds were  recorded  in  16  one  degree  blocks  (for  each  of  which  there  were  at 
least  3 h observations),  P.  lepturus  in  11  and  P.  rubricauda  in  5,  but  never  in  the 
same  one.  This  segregated  marine  distribution  is  probably  achieved,  in  part,  by 
habitat  selection.  White-tailed  Tropicbirds  preferred  water  masses  with  lower 
sea  surface  salinity  (34.38  ± 0.07  ppt)  than  Red-tailed  Tropicbirds  (34.49  ± 0.12 
ppt),  a significant  difference  (t  = 2.979,  df  = 24,  p < 0.01).  However,  some 
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Phaethon  lepturusfulvus — Go\6en^o%\^nb\T(^  ^ (Pocklington  1967) 

0 /^/?aef/7on /epftyrfys  - White-tailed  Tropicbird  • (Pocklington  1967) 

1 I Phaethon  rubricauda  — Red-tailed  Tropicbird 


Figure  2 The  localities  at  which  Phaethon  lepturus  fulvus,  P.  lepturus  and  P.  rubricauda 
were  recorded  during  the  present  survey.  Also  presented  are  the  localities  at  which 
P.  lepturus  and  P.  lepturus  fulvus  were  noted  by  Pocklington  (1967).  Each  symbol 
indicates  an  independent  sighting  of  one,  or  a number,  of  individuals. 
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overlap  does  occur  in  the  water  masses  occupied,  which  suggests  that  some  form 
of  avoidance  or  agonistic  behaviour  may  take  place. 

The  tendency  for  White-tailed  Tropicbirds  to  occupy  low  salinity  marine 
habitats,  whilst  the  Red-tailed  Tropicbirds  inhabit  relatively  high  salinity  ones, 
may  explain  some  of  the  observed  differences  in  distribution.  In  the  eastern 
Indian  Ocean,  White-tailed  Tropicbirds  are  apparently  confined  to  low,  and  very 
low,  salinity  tropical  waters.  In  contrast,  Red-tailed  Tropicbirds  have  expanded 
their  breeding  range  southwards  beyond  32*' S (Dunlop  and  Wooller  1985)  into 
relatively  high  salinity,  subtropical  waters. 

Sea  surface  salinity  may  have  been  a factor  in  the  history  of  the  Red-tailed 
Tropiebird  on  Rottnest  Island  (Figure  1).  Between  1951  and  1957,  and  again 
from  1971  to  1984,  sea  surface  temperature  and  salinity  were  measured  at  a 
Rottnest  50  m station  (Cresswell  et  al.,  in  prep.).  The  tropicbirds  first  appeared 
over  the  Island  in  1957  (three  individuals)  and  nesting  was  attempted  in  1958 
and  1959  (Tarburton  1977).  Unfortunately,  there  are  no  oceanographic  data 
for  1957,  but  1956  showed  the  lowest  salinities  recorded  from  the  18  years  of 
sampling,  and  1953  and  1955  were  also  low  points.  The  minimum  surface  salinity 
in  1956  was  about  34.8  ppt,  close  to  the  maximum  value  for  water  over  which 
Red-tailed  Tropicbirds  were  observed  during  the  survey  (34.7  ppt).  It  is  worth 
noting  that  no  tropicbirds  have  been  seen  close  to  Rottnest  Island  in  recent  years 
and  that,  between  1977  and  1984,  annual  minimal  salinities  were  above  35.4 
ppt,  and  as  high  as  35.9  ppt. 

The  colonisation  of  south-western  Australian  waters  by  a number  of  tropical 
seabird  species  populations,  therefore,  may  have  followed  similar  oceanographic 
events,  principally  fluctuations  in  the  warm  Leeuwin  Current. 

Sooty  and  Bridled  Terns 

At  sea,  the  closely  related  Sooty  Terns  Sterna  fuscata  and  Bridled  Terns  Sterna 
anaethetus  are  sometimes  difficult  to  distinguish.  However,  a two-toned  contrast 
between  the  black  head  and  nape  and  the  grey  mantle  and  brown  wings  is  usually 
evident  in  Bridled  Terns,  and  differs  from  the  uniform  black  dorsum  of  Sooty 
Terns.  Other  characteristics  which  assist  in  identifying  Bridled  Terns  at  sea  are 
their  lighter,  more  reactive,  flight  patterns  and  the  grey  clouding  of  their  white 
underparts. 

In  October,  Sooty  Terns  are  present  on  their  southern-most  breeding  grounds 
in  the  Houtman  Abrolhos  (Storr  et  al.  1986).  Here  they  have  access  to  the  warm, 
low  salinity  stream  of  the  Leeuwin  Current.  Ashmole  (1963),  analysing  the 
breeding  distribution  of  S.  fuscata,  found  that  it  did  not  occupy  waters  cooler 
than  23° C.  The  course  of  the  research  cruise  passed  inside  the  Abrolhos  on  the 
inner  continental  shelf,  where  sea  surface  temperatures  were  below  20°  C.  The 
first  Sooty  Terns  were  encountered  at  23°52'S,  where  sea-surface  temperature 
was  22.6° C,  and  again  at  23°28'S  and  22.8° C (Figure  3).  All  other  observations 
of  the  species  were  in  waters  warmer  than  23° C.  It  was  also  significant  that  no 
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O Sterna  fuscata  — Sooty  Tern 

Sterna  anaethetus  — Bridled  Tern 


Figure  3 The  localities  at  which  the  tropical  terns  Sterna  fuscata  and  S.  anaethetus  were 
recorded,  in  relation  to  the  continental  shelf,  northern  and  southern  boundaries 
of  the  South  Equatorial  Current  (arrows)  and  sea  surface  temperatures.  Small 
symbols  indicate  less  than  10  individuals  and  larger  symbols  10-99  individuals. 

Sooty  Terns  were  present  over  the  warm,  low  salinity  waters  off  north-western 
Australia  but  were  common  over  the  South  Equatorial  Current  (Figure  1).  This 
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suggests  that  temperature  and  salinity  factors  alone  do  not  explain  the  distri- 
bution of  S.  fuscata  and  that  active,  warm,  low  salinity  current  streams,  such  as 
the  Leeuwin  or  South  Equatorial  Currents,  may  also  be  important  habitat  com- 
ponents. 

Almost  without  exception.  Bridled  Terns  occupy  their  many  breeding  colonies 
along  the  south-western  and  mid-western  Australian  coastline  between  mid- 
October  and  early  April.  A migration  to  equatorial  latitudes  apparently  takes 
place  during  the  intervening  period  (R.E.  Johnstone  pers.  comm.).  These  birds 
have  been  observed  to  arrive  at  their  breeding  grounds  in  Western  Australia 
suddenly,  and  in  large  numbers,  between  10  and  14  October.  However,  at  sea, 
over  the  continental  shelf  adjacent  to  their  colonies,  between  2 and  6 October, 
they  were  dispersed  as  solitary  birds  or  small  parties.  There  was  no  evidence  of 
the  mass  movements  which  coincide  with  the  exodus  from  these  colonies  in  early 
April,  and  which  have  been  observed  off  western  Sri  Lanka  (De  Silva  1987). 

During  the  pre-breeding  period,  Bridled  Terns  occupied  a wide  sea  temperature 
range,  feeding  over  water  at  least  as  cool  as  19. 3° C.  They  were  also  restricted  to 
relatively  saline  waters  (34.8  - 35.5  ppt)  over  the  continental  shelf.  The  influence 
of  the  lower  salinity  Leeuwin  Current  on  the  extra-limital  distribution  of  this 
species  is  as  yet  unclear.  It  is  possible  that,  whilst  breeding,  Bridled  Terns  feed 
over  the  warm  core  or  filaments  of  this  current,  as  they  do  at  Gulf  Stream  frontal 
eddies  (Haney  1986). 

Gadfly  Petrels 

Gadfly  Petrels  (genera  Pterodroma  and  Bulweria)  are  poorly  represented  in 
the  eastern  Indian  Ocean.  Until  recently,  the  only  known  breeding  species  from 
the  region  was  the  Great-winged  Petrel  Pterodroma  macroptera  which  nests  on 
some  continental  islands  off  southern  Western  Australia  (Serventy  et  al,  1971, 
Harrison  1983).  However,  during  1986,  Stokes  and  Goh  (1987)  recorded  Herald 
Petrels  Pterodroma  arminjoniana  from  North  Keeling  Atoll  in  the  Cocos/Keeling 
Islands.  The  behaviour  of  these  birds  suggested  that  breeding  occurred  on  the 
atoll. 

Barau’s  Petrel  Pterodroma  baraui  was  observed  at  two  separate  localities 
close  to  Christmas  Island  (Figure  4).  Both  records  were  of  solitary  individuals, 
seen  simultaneously,  by  two  observers.  The  first  bird  was  tentatively  identified 
as  P.  baraui  and  this  was  later  confirmed  by  the  second  observation.  These  records 
follow  other  recent  sightings  in  the  seas  to  the  west  of  the  Cocos/Keeling  Islands 
and  Christmas  Island  (Chapman  and  Cheshire  1987).  Together,  they  suggest 
that  the  relatively  productive  waters  of  the  South  Equatorial  Current  may  be  an 
important  refuge  for  this  little  known,  and  possibly  rare,  species  (Feare  1984). 

Tahiti  Petrels  Pterodroma  rostrata  were  recorded  close  to  the  edge  of  the 
continental  shelf  between  16°  39'  and  16°50'S  latitude  (Figure  4).  There  were 
two  sightings  within  an  hour,  the  first  of  two  birds  and  the  second  of  a solitary 
individual.  These  records  follow  another  sighting  further  south  on  the  Western 
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A Bulweria  butwerii  — Bulwers  Petrel 
O Pterodroma  baraui — 
n Pterodroma  rostrata  - Tahiti  Petrel 


Figure  4 The  localities  at  which  the  Gadfly  Petrels  Bulweria  bulwerii,  Pterodroma  baraui 
and  Pterodroma  rostrata  were  recorded.  Each  symbol  indicates  an  independent 
sighting  involving  one  or  a number  of  individuals. 
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Australian  coastline  earlier  in  the  year.  As  far  as  is  known,  this  gadfly  petrel 
nests  in  the  tropical  Pacific  Ocean  at  New  Caledonia,  the  Marquesas  and  Society 
Islands  (Harrison  1983)  and  in  the  eastern  Coral  Sea  (Stokes  and  Corben  1985). 

Bulwer’s  Petrel  Bulweria  bulwerii  was  common  and  widespread  in  tropical, 
oceanic  waters  off  north-western  Australia  during  October  1987  (Figure  4). 
Sightings  were  usually  of  solitary  individuals,  occasionally  of  twos.  With  the 
exception  of  the  ubiquitous  Wedge-tailed  Shearwaters  Puffinus  pacificus,  Bul- 
wer’s  Petrels  were  the  only  seabirds  recorded  with  any  regularity  over  the  vast 
expanses  of  warm,  low  salinity  water  between  the  Australian  coastline  and  the 
edge  of  the  South  Equatorial  Current.  Nevertheless,  there  is  only  one  published 
record  of  the  occurrence  of  this  gadfly  petrel  in  the  region  (Harrison  19  79). 

The  present  records  of  P.  rostrata  and  Bulweria  bulwerii  add  to  a gi  owing 
list  of  pelagic  species  from  the  Pacific  utilising  the  waters  off  Western  Australia. 
This  list  also  includes  species  such  as  Streaked  Shearwaters  Calonectris  leucornelas 
(Storr  et  al.  1986,  McKean  1980)  and  Matsudaira's  Storm-petrels  Oceanodroma 
matsudairae  (Pocklington  1967,  Stokes  et  al.  1987).  The  marine  continuity 
between  the  eastern  Indian  Ocean  and  the  tropical,  western  Pacific  apparently 
facilitates  this  interchange  of  pelagic  bird  faunas.  This  would  be  especially  so  if, 
as  has  been  suggested  (Pearce  and  Cresswell  1985),  there  is  also  some  continuity 
in  ‘water  types’  due  to  a westward  ‘throughflow’  via  the  Indonesian  archipelago. 
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Ly codon  auUcus  capucinus  a colubrid  snake  introduced  to 
Christmas  Island,  Indian  Ocean 

L.A.  Smith* 

Christmas  Island  lies  in  the  north-eastern  Indian  Ocean  in  latitude  10°25'S, 
longitude  105°43'E,  about  320  km  south  of  Java.  Until  31  December  1987  it 
was  mined  for  phosphate.  Cogger  et  al  (1983)  record  10  species  of  reptile  from 
the  island,  of  which  five  are  endemic,  viz.  Cyrtodactylus  sp.,  Lepidodactylus 
listen,  Cryptoblepharus  egeriae,  Emoia  nativitatis  and  'Ramphotyphlops'  exo- 
coeti. 

On  3 November  1987  the  Western  Australian  Museum  received  a preserved 
snake  from  Mr  DJ.  Phillips,  Government  Conservator,  Australian  National  Parks 
and  Wildlife  Service  on  Christmas  Island.  Since  then  another  specimen  has  been 
forwarded  and,  according  to  Mr  Phillips  (in  litt.  26.11.87),  another  has  been  seen. 
Both  specimens  are  Wolf  or  House  snakes  (Ly codon  aulicus)  a species  which 
ranges  from  India  south  and  east  to  Timor  and  the  Philippines  (M.A.  Smith 
1943).  They  belong  to  the  South-East  Asian  race  L.  a,  capucinus. 

Details  of  specimens  (measurements  in  mm):  WAM  96843  (female)  SVL  605; 
tail  115;  ventrals  194;  anal  divided;  subcaudals  61,  divided;  midbody  scale  rows 
17;  stomach  empty.  WAM  97796  (damaged)  SVL  355;  tail  63;  midbody  scale 
rows  17.  The  first  specimen  is  purplish-brown  on  the  back  with  odd  white-edged 
scales;  lower  flanks  and  lips  whitish;  three  rows  of  nuchal  scales  white-edged. 
The  other  has  more  white-edge  scales,  aligned  to  form  narrow  zigzag  bands. 
Both  have  moderately  well  developed  ventrolateral  keels. 

Cogger  et  al.  (1983)  did  not  collect  this  species  during  their  work  on  the 
island  in  1979.  Neither  did  Dr  J.N.  Dunlop  who  spent  18  months  there  working 
for  the  Australian  National  Park  and  Wildlife  Service,  including  an  extensive 
reptile  trapping  programme.  This  and  the  fact  that  all  three  records  are  from 
the  port  area  suggest  the  introduction  oc  :urred  between  April  1987  when  Dunlop 
left  and  October  1987  when  the  first  specimen  was  collected. 

The  ‘East  Crystal’  is  the  regular  supply  ship  for  the  island.  It  calls  from  Singa- 
pore every  two  to  three  weeks,  and  in  the  past  has  back-loaded  phosphate  to 
Indonesia  and  Malaysia  (recently  mostly  the  latter).  The  only  other  vessels  to 
call  in  1987  were  two  Australian  Navy  ships  the  ‘Derwent’  and  the  ‘Swan’  (June- 
July)  and  a private  vessel  in  September  (J.N.  Dunlop  pers.  comm.). 

Ly  codon  aulicus  lays  3-11  eggs,  possibly  breeds  twice  a year,  is  arboreal  and 
lives  on  geckos,  skinks  and  small  mammals  (M.A.  Smith  1943).  With  these  attri- 
butes it  could  pose  a threat  to  the  island’s  small  vertebrate  fauna,  especially  the 
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five  species  of  endemic  reptile  (loc.  cit.)  and  the  Christmas  Island  Shrew  (Cro- 
cidura  attenuata  trichura).  It  is  impossible  to  predict  what  might  happen  should 
it  become  established.  At  worst  it  could  be  as  catastrophic  as  the  introduction 
to  Guam  of  the  Cat  Snake  (Boiga  irregularis)  which  apparently  was  a major  factor 
in  the  virtual  extinction  of  most  of  Guam’s  native  birds  (Fritz  and  Scott  1986). 

The  remainder  of  the  Western  Australian  Museum’s  Christmas  Island  reptile 
collection  comprises  Cyrtodactylus  sp.  (19  specimens),  Hemidactylus  frenatus 
(7),  Lepidodactylus  listeri  (1),  Cryptoblephanis  egeriae  (3),  Emoia  nativitatis 
(16),  Emoia  atrocostata  (1)  and  'Ramphotyphlops*  exocoeti  (1). 
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Life  history  aspects  of  the  West  Australian  Salamanderfish, 
Lepidogalaxias  salamandroides  Mees 

Gerald  R.  Allen*  and  Tim  M,  Berra** 

Abstract 

A field  study  of  the  ecology  and  general  life  history  of  the  West  Australian 
salamanderfish,  Lepidogalaxias  salamandroides,  was  conducted  near  Northcliffe, 
Western  Australia,  during  1986.  This  species  mainly  occurs  between  the  Blackwood  and 
Kent  rivers,  a linear  distance  of  about  180  km.  Circumstantial  evidence  for  aestivation 
including  the  reappearance  of  fish  in  formerly  dry  pools  immediately  after  a rainfall  is 
presented.  Monthly  sampling  provided  data  on  size-sex  composition,  population 
structure,  growth  rates  and  diet.  Most  individuals  captured  were  either  juveniles  under  25 
mm  SL  (3 1 .6%)  or  small  adults,  25-39  mm  SL  (55.6%).  Most  fish  probably  live  two  years 
but  a few  may  reach  four  years.  The  largest  female  was  67  mm  and  the  largest  male  taken 
was  53  mm  SL.  Males  could  be  distinguished  from  females  at  25  mm  SL.  Females  were 
generally  larger  than  males  and  the  overall  sex  ratio  was  approximately  1:1.  Length- 
frequency  analysis  showed  two  generations  in  the  population  during  September-January. 
The  largest  fish  disappeared  from  the  population  in  January,  New  recruits  appeared  in 
September-October  and  were  most  numerous  in  November.  Juveniles  and  small  adults 
dominated  the  population  in  January-February.  Adult  females  grow  about  2.2 
mm/  month  from  May-January,  and  juveniles  increase  0.8  mm/ month  from  September- 
January.  The  diet  consisted  mainly  of  the  larval  stages  of  chironomid  midges  and  small 
crustaceans. 


Introduction 

The  monotypic  Lepidogalaxias  salamandroides  Mees  is  a small  freshwater  fish 
endemic  to  south-western  Australia.  Since  its  description  by  Mees  (1961)  there  has 
been  much  controversy  about  its  origin  and  relationships.  A study  of  the 
suspensorium  and  related  muscles  (Williams  1987)  indicated  that  it  is  a galaxioid 
fish  related  to  other  Southern  Hemisphere  salmoniforms. 

Until  this  decade  there  was  little  information  on  its  biology.  Allen  (1982) 
surmised  that  “it  is  apparently  capable  of  surviving  drought  periods  by  burrowing 
in  mud  or  under  damp  leaves.”  He  was  unaware  of  Pusey's  (1981)  work  in  which 
aestivation  was  induced  in  a few  laboratory  fish.  McDowall  and  Pusey  (1983) 
summarised  this  experiment  and  the  limited  knowledge  of  its  natural  history 
including  the  description  of  sexual  dimorphism  in  Lepidogalaxias  which  is 
characterised  especially  by  the  peculiar  modification  of  the  male’s  anal  fin  (see  Figs 
29-33  in  Rosen  1974).  The  only  other  published  work,  that  of  Christensen  (1982), 
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correlated  geographic  distribution  with  terrestrial  vegetation.  The  present  paper 
provides  additional  information  about  the  biology  and  life  cycle.  It  is  based  on  field 
work  conducted  in  1986,  although  collections  and  casual  observations  over  the  past 
14  years  by  the  first  author  were  utilised.  Emphasis  is  on  population  structure  in 
response  to  seasonal  or  climatological  factors.  Also  included  is  a summary  of  the 
geographic  distribution  of  Lepidogalaxias. 


Study  Area 

A series  of  22  study  stations  was  established  at  small  artificial  pools  along  a 1.6  km 
stretch  of  Chesapeake  Road  situated  9-1 1 km  south  of  Northcliffe,  a small  town  lying 
approximately  300  km  (370  km  by  road)  south  of  Perth  (Figure  1).  The  depressions  in 
which  the  pools  were  formed  date  back  to  the  1960’s  when  roadfill  was  excavated  from 
them.  Stations  15-17  and  19-2 1 were  situated  in  a creek  bed  which  flows  during  the  wet 
season,  but  in  late  spring  becomes  a series  of  isolated  pools. 

The  pools  typically  had  coarse  sand  bottoms  with  a thin  layer  of  organic  mud  and 
detritus.  There  was  no  aquatic  vegetation  other  than  algae  which  forms  mainly  in 
spring  and  summer.  However,  some  encompass  heathland  vegetation,  particularly 
when  water  levels  were  at  their  winter  maxima  (Figure  2). 

Approximate  surface  areas  and  maximum  depths  of  the  study  pools  are  given  for 
January,  April,  July  and  November  (i.e.  summer,  autumn,  winter,  and  spring)  in 
Table  1 . Most  of  the  pools  underwent  a cycle  of  summer  drying  and  autumn-winter 
flooding,  although  Station  22  contained  water  throughout  the  study  period  because 
of  its  large  size.  However,  even  this  pool  dried  during  the  summer  of  1987-88.  After 
November  evaporation  rate  was  rapid,  and  some  pools  were  completely  dry  by 
mid-January. 

The  study  area  and  overall  range  of  Lepidogalaxias  is  characterised  by  hot,  dry 
summers  and  cool,  wet  winters.  The  water  is  characteristically  deeply  stained  to  the 
colour  of  dark  tea,  but  it  is  not  turbid.  Christensen  ( 1982)  reported  a pH  range  of 
3. 7-6.8  (x=5.4).  Monthly  water  temperatures  and  rainfall  are  summarised  in  Figure  3. 
The  annual  average  rainfall  for  Northcliffe  is  1367  mm,  but  relatively  low  figures 
(964  mm  in  1986;  868  mm  in  1987)  were  recorded  during  the  study  period. 
Lepidogalaxias  is  able  to  withstand  wide  fluctuations  in  water  temperatures. 
M onthly  surface  readings  ranged  from  9‘^C  in  winter  to  30‘»C  at  the  end  of  summer. 
There  were  also  significant  daily  fluctuations  of  between  10*'  to  I2‘'C  during 
summer,  particularly  during  hot  spells  because  of  the  shallow  depths  and  greatly 
lowered  night  temperatures.  In  deeper  pools  there  was  a noticeable  gradient  of 
3-4«C  on  hot  summer  days.  The  bottom-dwelling  Lepidogalaxias  was  invariably 
confined  to  the  cooler  layer. 

In  addition  to  Lepidogalaxias,  the  study  pools  contained  two  species  of  small 
(maximum  standard  length  [SL]  about  35-40  mm)  galaxiid  fishes  Galaxiella 
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Figure  1.  Distribution  of  Lepidogalaxias  salamandroides.  Circles  indicate  records  based  on  specimens  at  WAM  Triangles 
represent  records  from  Christensen,  1982.  ' ^ 
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Figure  2.  Station  4;  A — 28  September  1986;  B — 27  January  1986. 
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nigrostriata  (Shipway)  which  was  as  abundant  or  more  numerous  than 
Lepidogalaxias  and  the  less  common  G,  munda  (McDowall).  Other  fishes  were 
absent  except  for  a pair  of  35  mm  SL  Bostockia porosa  Castelnau  (Percicithyidae) 
captured  at  Station  22. 

Other  fauna  included  the  long-necked  tortoise  (Chelodina  oblonga),  frogs 
(Geocrinia  leaf,  Heleioporus  inornatus,  and  Ranidella  sp.),  crayfish  (Cherax 
preissii),  and  unidentified  tadpoles,  leeches,  and  aquatic  insects. 


Table  1 Approximate  surface  areas  and  depths  of  Lepidogalaxias  study  stations  for  various  months 
during  1986 


JANUARY 

APRIL 

JULY 

NOVEMBER 

sur.  area 

depth 

sur.  area 

depth 

sur.  area 

depth 

sur.  area 

depth 

Station 

(m^) 

(cm) 

(m2) 

(cm) 

(m2) 

(cm) 

(m2) 

(cm) 

1 

12 

20 

dry 

128 

82 

120 

62 

2 

dry 

dry 

448 

82 

300 

56 

3 

30 

44 

dry 

128 

100 

96 

70 

4 

30 

29 

dry 

135 

90 

112 

72 

5 

20 

29 

dry 

78 

60 

66 

54 

6 

52 

49 

II 

15 

114 

95 

102 

82 

7 

60 

34 

1 

1 

340 

95 

300 

67 

8 

30 

20 

dry 

252 

72 

224 

59 

9 

dry 

dry 

70 

69 

56 

50 

10 

56 

35 

11 

10 

264 

100 

192 

70 

11 

81 

40 

24 

14 

286 

100 

221 

73 

12 

42 

25 

dry 

440 

81 

345 

60 

13 

dry 

dry 

451 

32 

351 

28 

14 

dry 

dry 

1092 

57 

407 

35 

15 

1 

6 

dry 

9 

66 

7.5 

40 

16 

4.5 

29 

dry 

8 

70 

8 

56 

17 

1.7 

16 

dry 

12 

50 

12 

39 

18 

64 

17 

dry 

924 

58 

576 

47 

19 

3.8 

29 

dry 

6 

65 

6 

60 

20 

1.3 

18 

dry 

1.7 

50 

1.7 

42 

21 

1.6 

7 

dry 

2.5 

50 

2.5 

33 

22 

1800 

77 

741 

40 

2894 

89 

2260 

78 

Methods 

The  study  sites  were  visited  at  least  once  per  month  between  January  1986  and 
January  1987,  and  a total  of  14  visits  was  made.  Data  recorded  for  each  of  the  22 
stations  included  length,  width,  maximum  depth,  and  surface-bottom 
temperatures.  A 3-metre  (1.6  mm  mesh)  seine  and  occasionally  a one-person 
Japanese  shrimp  seine  were  utilised  for  fish  sampling.  Most  seining,  except  at 
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Station  22,  was  for  the  purpose  of  establishing  the  presence  of  Lepidogalaxias  or 
Galaxiella  and  the  relative  abundance  of  each.  A complete  census  was  made  of 
adjacent  Stations  band  7 on  1 7 January  1986  with  the  use  of  rotenone.  Because  the 
two  stations  were  within  10  m of  each  other  and  because  the  samples  were  taken 
simultaneously,  the  data  were  pooled. 

In  addition  to  the  sampling  methods  described  above, the  largest  pool  (Station 
22)  was  selected  for  monthly  net  sampling  of  100  individuals  between  February 
1986  and  J anuary  1 987.  Generally  about  2- 1 0 Lepidogalaxias  were  obtained  in  each 
20  m drag  of  the  seine,  but  120  fish  were  netted  on  one  occasion  (January  1987).  Fish 
were  held  in  buckets  until  the  required  100  were  obtained.  The  standard  length  was 
recorded  for  each  fish  before  releasing  it.  Fish  under  25  mm  SL  were  defined  as 
juveniles  because  in  the  majority  of  the  population  the  modification  to  the  male’s 
anal  fin  did  not  appear  on  fish  less  than  25  mm.  Prior  to  May  1986  only  “juvenile” 
and  “adult”  categories  were  recorded.  In  May  sex  of  adult  specimens  along  with  the 
SL  was  recorded.  Flooding  occurred  in  June  which  prevented  collection  during  that 
month.  In  January  1987  an  attempt  was  made  to  net  the  entire  population  of  the 
pool. 

Data  analyses  were  conducted  using  SPSS  and  SAS  (Version  5)  and  plots  were 
produced  via  INSTAT  and  SAS  graphics.  Volumetric  gut  content  analysis  was 
aided  by  a binocular  dissecting  microscope.  Rainfall  data  for  Northcliffe  were 
supplied  by  the  Bureau  of  Meterorology.  Representative  samples  of  Lepidogalaxias 
specimens  from  both  within  and  outside  the  study  sites  were  deposited  in  the 
Western  Australian  Museum  (WAM). 


Results  and  Discussion 

Distribution 

The  known  distribution  of  Lepidogalaxias  is  given  in  Figure  I based  on 
Christensen’s  (1982)  survey  between  1978  and  1979  and  specimens  deposited  at  the 
Western  Australian  Museum  between  1959  and  1986.  The  main  concentration  of 
records  is  between  the  Blackwood  and  Kent  rivers,  a linear  distance  of  about  180 
km.  There  are  only  two  records  outside  this  area,  both  collected  in  1976;  from 
Canebreak  Creek  (30  km  north  of  the  Blackwood  River)  and  near  Lake  Powell 
which  is  15  km  west  of  Albany  or  about  60  km  east  of  the  Kent  River.  This 
distribution  pattern  is  closely  associated  with  “non-forested  areas  of  low  open 
woodland,  herbland,  scrubland,  and  heaths”  described  by  Christensen  ( 1982).  Bush 
fires  frequently  occur  in  this  area  during  the  dry  season.  This  habitat  forms  a 
relatively  narrow  belt,  approximately  20-40  km  wide,  which  is  sandwiched  between 
coastal  dune  systems  and  karri  (Eucalyptus  diversifolia)  forests. 

Although  Lepidogalaxias  has  a restricted  range  it  is  often  locally  abundant.  The 
preferred  habitat  consists  of  slow  flowing  creeks,  roadside  drains,  swamps,  and  still 
pools. 
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Aestivation 

Lepidogalaxias  is  unusual  among  fishes  for  its  ability  to  survive  during  drought 
periods.  Aestivation  or  summer  torpor  is  “a  mechanism  for  surviving  torrid 
ambient  conditions'’  (Fishman  et  al.  1987).  Pusey  (1981)  experimentally  induced 
aestivation  in  three  of  29  fishes  by  gradually  (over  3-day  period)  removing  the  water 
in  sand-filled  troughs.  He  reported  that  aestivating  fish  assumed  a U-shaped 
posture  in  a loose  burrow  and  were  able  to  metabolise  their  considerable  fat 
reserves.  He  also  noted  that  aestivating  fish  were  characterised  by  copious  secretion 
of  mucus  from,  epidermal  goblet  cells.  It  appears  that  not  all  individuals  are  capable 
of  aestivating  or  at  least  not  all  fish  survive  this  process.  Most  of  Pusey’s  laboratory 
subjects  were  either  found  dead  or  disappeared  (presumably  they  died  and 
decomposed). 

In  this  study  strong  circumstantial  evidence  was  obtained  for  aestivation  in  the 
field.  After  the  establishment  of  the  22  stations  in  early  January  1986,  1 1 of  the 
pools  dried  up  within  the  next  3-4  weeks.  On  21-22  February  the  area  received  29 
mm  of  unseasonal  cyclonic  rain  and  several  of  the  stations  once  again  contained 
water,  including  two  (Stations  8 and  18)  that  had  previously  harboured  fishes. 
These  stations  were  sampled  on  23  February.  Seven  Lepidogalaxias,  21-62  mm  SL 
were  obtained  from  Station  8 and  nine  individuals,  1 5-36  mm  SL,  from  Station  18, 
which  also  had  specimens  of  Galaxiella  nigrostriata,  19-22  mm  SL.  Since  there  was 
no  generalised  flooding,  and  the  ponds  remained  isolated  the  fishes  must  have 
emerged  from  the  sand  bottom  following  the  rain.  During  May  1986,  again 
following  heavy  rains,  Lepidogalaxias  located  in  14  study  pools  that  were  dry  in 
April. 

The  evidence  indicates  that  Lepidogalaxias  must  possess  the  ability  to  survive 
drought  periods  of  up  to  2-4  months  duration  in  the  substratum.  As  Lepidogalaxias 
lacks  specialised  accessory  respiratory  structures  (Berra  et  al.  1989),  it  apparently 
does  not  breathe  atmospheric  oxygen,  but  either  survives  in  damp  sand  if  its  gills 
and  skin  are  kept  moist,  respires  anaerobically,  or  seeks  out  subterranean  waters.  It 
is  possible  that  the  extensive  burrow  systems  of  the  crayfish,  Cherax  preissii,  are 
used  as  a conduit  to  a water  refuge  below  the  surface  as  suggested  for  Galaxiella 
pusilla  in  South  Australia  by  Beck  (1985).  These  crayfish  burrows  are  a 
characteristic  feature  of  the  Lepidogalaxias  habitat.  Several  were  excavated 
without  finding  fish,  but  on  9 January  1986  a 14  mm  SL  specimen  was  found  in 
moist  sand  in  the  bottom  of  the  entrance  (chimney)  of  a crayfish  burrow.  It  was  in 
good  condition  and  active,  not  in  a Torpor’  as  described  in  the  case  of  aestivating 
laboratory  subjects  by  Pusey  (1981). 

Size  and  sex  ratio 

A total  of  2,283  Lepidogalaxias  specimens  was  measured  ranging  in  SL  from 
12-67  mm.  The  size  frequency  of  1,801  fish  captured  from  pools  within  the  study 
area  is  indicated  in  Table  2.  Most  of  these  (1,100)  were  taken  from  Station  22  and 
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were  released  after  each  monthly  capture.  Therefore  the  same  individual  may  have 
been  measured  more  than  once  in  subsequent  months.  The  majority  of  individuals 
were  either  juveniles  under  25  mm  SL  (31.6%)  or  small  adults  in  the  25-39  mm  SL 
category  (55.6%).  Relatively  few  fish  were  40-49  mm  SL  (9.4%)  and  only  3.2%  and 
0.2%  of  the  total  sample  exceeded  50  mm  and  60  mm  SL  respectively. 

Adult  females  attain  a larger  size  than  males.  The  majority  of  fish  40  mm  SL  or 
longer  were  females  (Table  2).  Only  five  specimens  exceeded  60  mm  SL  and  all  were 
females.  The  largest  male  measured  was  53  mm  SL  in  comparison  to  the  largest 
female  of  67  mm.  The  mean  SL  by  month  for  females,  males  and  juveniles  is 
presented  in  Figure  4.  Steady  growth  of  juveniles  took  place  from  February  to  July, 
after  which  that  size-class  presumably  entered  the  female  or  male  data  sets.  The 
recruitment  of  newly  spawned  fish  in  the  September  sample  and  their  subsequent 
increase  in  SL  is  readily  visible  in  Figure  4.  Females  are  clearly  larger  than  males 
and  mean  size  of  both  declined  markedly  in  January,  One  way  analysis  of  variance 
showed  that  there  were  significant  size  by  sex  differences  (at  the  0.05  significance 
level).  One-sided  t-tests  of  the  differences  between  the  mean  sizes  of  males  and 
females  within  each  month  showed  a significant  difference  (at  the  0.05  significance 
level)  between  sexes  within  months  except  for  January  where  there  were  no 
significant  differences.  Females  were  larger  than  males  except  in  May  and  July. 


Table  2 Size  frequency  data  of  Lepidogalaxias  salamandroides  captured  from  study  area  from  January 

1986  —January  1987  (total  sample  = 1801) 


Size  range 
(mm  SL) 

No. 

% of  sample 

no.  $ 

no,  S 

12-24 

570 

31.6 

_ 

25-39 

1001 

55.6 

258 

315 

40-49 

169 

9.4 

132 

37 

50-59 

57 

3.2 

54 

3 

60-67 

4 

0.2 

5 

0 

(note:  no.  of  males  and  females  not  determined  for  all  samples  in  the  25-39  mm  group.) 


Monthly  sex  ratios  and  the  average  size  of  juveniles,  males  and  females  are 
indicated  in  Table  3.  On  average  there  were  fewer  males  than  females  ( 1 ; 1 .2  in  the 
monthly  Station  22  samples,  excluding  juveniles.  The  sex  ratio  within  individual 
months  is  not  significantly  different  from  1 : 1 (at  the  0.05  significance  level  for  Chi^). 
However,  there  are  some  differences  in  numbers  (normally  slightly  more  females 
than  males),  and  this  difference  is  reflected  in  the  overall  number  of  fish  examined 
(totalled  over  all  months  for  both  sexes).  This  total  difference  is  significant  (at  the 
0.05  significance  level),  with  more  females  being  caught  overall  than  males. 
However,  this  slight  difference  in  numbers  may  just  reflect  our  inability  to  sex  late 
developing  males  and  may  be  of  no  biological  significance. 
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Northcliffe  rainfall 

1986  964 

1987  868 
Yearly  avg.  - 1 387 


MONTH  (1986) 


= rainfall 
= temperatures 


Figure  3.  Average  monthly  water  temperatures  for  study  stations  and  Northcliffe  rainfall. 
Temperatures  and  rainfall  are  plotted  with  solid  circles  and  hollow  circles  respectively. 


Figure  4.  Mean  standard  lengths  (mm)  at  each  month  for  juveniles  (25  mm  SL),  females,  males,  and 
unsexed  adults  from  Station  22.  N = 100  for  each  month. 
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Figure  5.  Length-frequency  distribution  of  monthly  samples  from  Station  22.  Size  is  given  in  mm 
standard  length  (SL). 
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Population  Structure  and  Growth  Rate 

Figure  5 shows  the  length-frequency  plots  by  sex  for  1 1 months.  During  February 
the  bulk  of  the  population  was  composed  of  juveniles  and  small  adults  from  20-40  mm 
SL  with  a geometric  mean  of  30  mm  (Figure  5,  Table  3).  Some  larger  fish  were  present. 
The  young  fish  continued  to  dominate  the  population  in  March  and  the  geometric 
mean  dropped  to  28.2  mm  which  reflected  the  death  or  disappearance  of  larger  fish. 
From  April  through  August  growth  was  apparent  as  the  graphic  presentation  shifts  to 
the  right  (Figure  5).  The  geometric  mean  size  of  females  increased  from  31.3  mm  in 
May  to  38.8  mm  in  August  while  males,  which  began  in  May  larger  (34. 1),  reached  35. 1 
mm  in  August  (Table  3).  From  September  to  December,  the  older  males  grew  very 
slowly,  but  the  older  females  rapidly  increased  from  40.4  to  47.5  mm.  Juveniles  also 
grew  quickly  during  that  time. 

In  September  and  October  a new  generation  of  juveniles  appeared  and  increased  in 
SL  through  January.  From  October-January  two  distinct  generations  of  females  are 
present.  This  is  most  obvious  in  December  (Figure  5). 

Older  generation  females  increased  in  geometric  mean  SL  from  3 1.3  mm  in  May 
to  49.0  mm  in  January.  The  growth  rate  was  about  2.2  mm/  month  (Table  3).  Older 
males  grew  very  little  from  May  to  December.  New  generation  juveniles  increased 
in  geometric  mean  SL  from  1 7.7  in  September  to  2 1 .0  mm  in  January,  a growth  rate 
of  0.83  mm/ month. 


Table  3 Monthly  Geometric  Means  for  Standard  Length  (mm) 

Month  Unknown  Female  Male  Juvenile 


February 

30.0  +/- 

March 

28.2  +/- 

April 

32.0  +/- 

May 

June 

July 

August 

September 

October 

(new  generation) 

(old  generation 

November 

(new  generation) 

(old  generation) 

December 

(new  generation) 

old  generation) 

January 

(new  generation) 

(old  generation) 

6(100) 

4(100) 

5(100) 


31.3 

+ /- 

4(57) 

32.8 

+ /- 

4(58) 

38.3 

+/- 

5(55) 

40.4 

+ /- 

6(46) 

25.0 

(1) 

47.5 

+/- 

5(32) 

29.0 

+ /- 

2(3) 

48.7 

^1' 

4(15) 

27.0 

+ /- 

2(14) 

47.5 

+ /- 

5(19) 

26.9 

+ /- 

3(34) 

49.0 

+ /- 

1 (2) 

34.1 

+/-  5(44) 

38.1 

+/-  6(41) 

24.0 

(1) 

35.1 

+/-  5(45) 

33.2 

+/-  3(47) 

17.7 

+ /-  3(7) 

18.5 

+/-  2(37) 

33.9 

+/-  2(30) 

20.3 

+/-  2(63) 

33.8 

+ /-  2(19) 

20.0 

+/-  3(36) 

34.6 

+/-  3(31) 

28.5 

+/-  3(23) 

21.0 

+/-  2(41) 

Mean  +/-  S.  Deviation  (No.  of  specimens) 
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It  is  not  possible  to  determine  from  Figure  5 how  long  L.  salamandroides  lives.  The 
very  large  fish  may  be  rapidly  growing  two-year-olds  or  very  slow  growing  older 
fish.  We  kept  two  65  mm  females  alive  for  two  years  in  an  aquarium  indicating  that 
they  are  physiologically  capable  of  reaching  four  years  of  age. 

A similar  picture  emerged  from  the  length-frequency  distribution  of  273 
individuals  collected  in  the  January  rotenone  samples  of  Station  6 (122  fish)  and 
Station  7(151  fish)  ( Figure  6).  The  juveniles  and  small  adults  dominated  the  sample, 
two  year-classes  of  females  are  apparent,  and  only  a few  large  individuals  were 
present.  However,  the  largest  Lepidogalaxias  on  record,  a 67  mm  SL  female,  was 
collected  at  this  time.  The  rotenone  samples  indicate  that  the  small  pools  can 
harbour  at  least  150  Lepidogalaxias  in  January.  The  two-hour  seining  effort  at  the 
large  Station  22  yielded  543  fish  in  January  1986. 


SIZE  (mm  SL) 

^ FEMALE  ^ MALE  ■ JUVENILE 

Figure  6.  Pooled  length-frequency  distribution  of  Lepidogalaxias  salamandroides  collected  by 
rotenone  from  Station  6 (N  = 122)  and  Station  7 (N  = 151)  on  17  January  1986. 


Diet 

The  stomach  contents  of  44  specimens,  26-60  mm  SL,  collected  between  January- 
March  1986  were  examined.  Nine  of  the  stomachs  were  empty,  but  most  were  more 
than  half  full.  The  results  of  this  analysis  are  presented  in  Table  4 as  percentage 
volume  of  the  major  groups  of  food  organisms.  Percentages  of  each  item  found  in 
individual  fish  (9  to  100%)  were  averaged  to  calculate  the  mean  percent  of  diet 
volume  for  the  35  specimens  containing  food  (Hobson  1974).  The  most  common 
items  were  the  larval  stages  of  chironomid  midges  (Diptera),  spring-tails 
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(Collembola),  and  hydrophilid  beetles  (Coleoptera),  and  a species  of  amphipod 
(Crustacea).  Copepods  and  cladocerans  were  also  common,  but  because  of  their 
minute  size  their  contribution  to  the  overall  volume  was  relatively  small.  The  same 
item  was  noted  by  Pusey  (1981)  in  addition  to  arachnids,  isopods,  nematodes,  and 
oligochaetes.  Pusey  found  dipteran  larvae  were  the  predominant  food  item  in 
summer  and  autumn,  but  were  largely  replaced  by  crustaceans  during  winter. 


Table  4 Stomach  contents  of  Lepidogalaxias  salamandroides 


no.  fish  with 
item  (n  = 44) 

mean  % of 
diet  volume 

Diptera  (larvae) 

28 

30.2 

Amphipods 

17 

23.6 

Coleoptera  (larvae) 

12 

15.4 

Collembola  (larvae) 

7 

lO.O 

Unidentified  fragments  and  sand  grains 

25 

12.8 

Copepoda 

11 

3.5 

Tricoptera  (larvae) 

4 

2.0 

Cladocerans 

6 

1.5 

Odonata  (larvae) 

1 

1.0 

Summary  of  Life  Cycle  and  Conclusions 

From  the  data  provided  in  Figure  5 and  Table  3 it  appears  that  spawning  takes 
place  in  August-September  and  that  the  juveniles  become  large  enough  to  be 
collected  by  our  technique  in  September-October.  Juveniles  increase  in  size  slightly 
less  than  one  mm/ month  from  September  to  January,  and  adult  females  grow 
about  2.2  mm  ; month  from  May  to  January.  They  feed  on  aquatic  insect  larvae  and 
crustaceans.  It  is  likely  that  most  L.  salamandroides  die  by  the  second  year,  but 
some  may  survive  as  long  as  four  years.  The  sex  ratio  is  1:1.  It  is  highly  likely  that 
these  fish  survive  the  desiccation  of  their  habitat  by  burrowing  into  the  bottom  sand 
during  summer. 

It  is  evident  that  Lepidogalaxias  salamandroides  is  a “survivor”  in  every  sense  of 
the  word.  It  is  highly  specialised  with  respect  to  its  ability  to  survive  in  ephemeral 
waters.  This  habitat  is  largely  devoid  of  other  fishes  except  Galaxiella  spp.  This  lack 
of  predators  may  be  a factor  in  the  distribution  of  Lepidogalaxias  in  the  temporary 
pools  and  its  absence  from  permanent  streams  populated  by  larger  fishes.  The 
ability  to  withstand  long  periods  of  drought  is  an  adaptation  for  surviving  the  harsh 
summer  conditions  of  south-western  Australia.  Field  research  is  continuing 
concentrating  on  burrowing  activity.  Reproductive,  physiological,  and 
embryological  studies  are  also  needed  to  fill  gaps  in  our  knowledge  of  this  unusual 
fish. 
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A new  Heteronotia  (Lacertilia:  Gekkonidae)  from  Western  Australia 

G.M.  Storr* 


Abstract 

The  new  species,  Heteronotia planiceps,  occurs  mainly  in  the  Kimberley  but  has  an  outlying 
population  in  south-eastern  Pilbara.  It  is  most  like  H.  spelea  of  the  Pilbara,  which  is 
redescribed. 


Introduction 

The  endemic  Australian  gekkonine  genus  Heteronotia  was  believed  to  be  monotypic 
before  Kluge  (1963)  separated  eight  Pilbara  specimens  as  //.  spelea,  mainly  on  the  basis 
of  their  weaker  dorsal  tubercles  and  bolder,  more  regular  colour  pattern.  The  subsequent 
collection  of  23  more  specimens  has  confirmed  the  distinctness  of  spelea  and  permits  its 
redescription.  However,  the  main  purpose  of  this  paper  is  to  describe  a new  species  of 
Heteronotia,  until  recently  confused  with  spelea. 

This  study  is  based  on  specimens  in  the  Western  Australian  Museum.  The  R prefix 
has  been  omitted  from  their  catalogue  numbers. 


Systematics 

Heteronotia  planiceps  sp.  nov. 

Figure  I 

Holotype 

96971  in  Western  Australian  Museum,  collected  by  R.E.  Johnstone  on  18  June  1987  at  15  km  SW  Kings 
Cascade,  Western  Australia,  in  I5M3'S,  I25‘M2'E. 

Paratypes 

I he  40  specimens  listed  under  Material. 

Diagnosis 

A moderately  small  Heteronotia  with  bold  pattern  of  dark  straight-edged  transverse 
nuchal,  dorsal  and  caudal  bands,  distinguishable  from  H.  spelea  by  temporal  stripe  in 
contact  with  occipital  band  but  not  with  nuchal  band.  (When  dorsal  bands  are  present  in 
//.  hinoei  they  are  narrow,  not  straight-edged  and  about  7 in  number). 

Description 

Snout-vent  length  (mm):  22-49  (N  41,  mean  4 1.0).  Length  of  tail  (%  SVL);  1 18- 150  (N 
14,  mean  133.5). 

Nostril  surrounded  by  first  labial,  rostral  (median  groove  incomplete),  2 supranasals 
(anterior  larger)  and  postnasal.  Internasal  usually  absent  (one  in  10%  of  specimens). 


* C O Western  Australian  Museum,  F^'rancis  Street.  Perth.  Western  Australia  6000. 
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Figure  I Holoiypc  ol  Iicteronoiia  p/unkeps,  photographed  in  life  by  R.E.  Johnstone. 

Upper  labials  7-10  (N  41,  mean  8.4),  5-7  (mean  6.4)  to  centre  of  eye.  Dorsal  tubercles 
moderately  large  and  sharply  keeled,  in  12-16  longitudinal  rows  at  midbody.  Lamellae 
under  fourth  toe  i 1-16  (N  30,  mean  13.7),  the  distal  3-6  (under  raised  part  of  digit)  much 
smaller  than  others.  Pre-anal  pores  occasionally  present,  2-4  (N  7,  mean  3.7)  in 
continuous  chevron-shaped  series. 

Upper  and  lateral  surfaces  pale  brown  or  white,  marked  with  brown,  dark  brown  or 
black:  narrow  loreotemporal  stripe,  which  meets  narrow  straight  or  slightly  curving 
occipital  band  at  or  nearly  at  right  angle;  narrow  to  moderately  wide  curving  band  on 
neck  (not  in  contact  with  loreotemporal  stripe);  4 (rarely  3)  usually  straight  wide  bands 
on  body,  occasionally  broken  or  disjointed,  usually  uniformly  dark  but  in  paler 
specimens  dark-edged;  and  7-13  narrow  to  wide  uniformly  dark  bands  on  tail,  distal 
bands  encircling  tail.  Top  of  head  darker  than  ground  colour  except  for  pale  inner  edge 
to  dark  loreotemporal  stripe  and  occipital  band.  Interspaces  on  back  pale  brown  and  as 
wide  as  or  slightly  narrower  than  dark  bands.  Interspaces  on  tail  white  and  slightly  to 
much  narrower  than  dark  bands. 

Distribution 

Mainly  far  north  of  Western  Australia,  i.e.  Kimberley  south  to  the  Napier,  Oscar, 
Emanuel  and  Albert  Edward  Ranges  and  including  the  Buccaneer  Archipelago  (from 
Koolan  1.  west  to  Caffarelli  and  Hidden  Is).  Also  known  from  one  locality  in  south-east 
Pilbara  (Wheelarra  Hill,  41  km  E Newman).  See  map.  Figure  2. 
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Figure  2 Map  of  northern  Western  Australia  showing  location  of  specimens  of  Heteronoiia  planiceps 
and  //.  spelea. 


Derivation  of  name 

From  Latin  planus  (flat)  and  -ceps  (head). 

Material 

Kimberley  Division  (WA) 

6 km  W Evelyn  1.  (98039);  Drysdale  River  National  Park  in  I4M0'S,  127‘’00'E  (50777);  2 km  E Mitchell 
River  Falls  (56355);  Camp  Creek,  Mitchell  Plateau  (77446);  Prince  Regent  River  Reserve (46863, 46892-3, 
97962);  15  km  SW  Kings  Cascade  (96973);  28  km  S Kununurra  (70150);  Thompson  Spring  (95390); 
Caffarelli  I.  (87954,  87980-1);  Bathurst  I.  (80087,  80095);  Irvine  1.  (80545);  Koolan  I.  (81297);  Gibbings  I. 
(80075-7);  Hidden  I.  (80062,  80540);  1 1 km  WSW  Lissadell  (70450);  16  km  NE  Bow  River  HS  (75542);  9 
km  W Beverley  Springs  (47282);  Inglis  Gap  (571 1 7);  10  km  N W Barker  Gorge  (37012);  9 km  SSE  Mt  Amy 
(70662);  confluence  of  Barker  River  and  Wombarella  Creek  (56437);  Windjana  Gorge  (26767)  and  3 km 
SE  (53333,  64869);  II  km  SSE  Mt  Percy  (70586);  10  km  SE  Lansdowne  (58650);  43  km  NW  Fitzroy 
Crossing  (70495);  Bradley’s  Mine,  38  km  SE  Halls  Creek  (26768);  27  km  NW  Bohemia  Downs  (87351-2). 

North-west  Division  (WA) 

Wheelarra  Hill  (97258). 
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Heteronotia  spelea  (Kluge) 

Heteronola  spelea  Kluge  (1964;  64).  Bamboo  Creek  (20'’52'S,  I20'’I0'E),  Western  Australia. 

Diagnosis 

A moderately  large,  long-tailed  Heteronotia  with  bold  pattern  of  dark  straight-edged 
transverse  nuchal,  dorsal  and  caudal  bands,  distinguishable  from  H.  planiceps  by 
temporal  stripe  in  contact  with  nuchal  band  but  not  with  occipital  band. 

Description 

Snout-vent  length  (mm):  20-56  (N  3 1 , mean  45.5).  Length  of  tail  (%S  VL):  1 34- 155  (N 
6,  mean  146.3). 

Nostril  surrounded  by  first  labial,  rostral  (median  groove  incomplete),  2 supranasals 
(anterior  larger)  and  postnasal.  Internasal  usually  absent  (one  in  4%  of  specimens). 
Upper  labials  8-1 1 (N  30,  mean  9.2),  7-9  (mean  7.7)  to  centre  of  eye.  Dorsal  tubercles 
relatively  small,  low  and  weakly  keeled,  in  12-18  longitudinal  rows  at  midbody. 
Lamellae  under  fourth  toe  14-18  (N  22,  mean  15.5),  distal  5 or  6 smaller  than  others. 
Pre-anal  pores  occasionally  present,  4-6  (N  7,  mean  4.4)  in  continuous  chevron-shaped 
series. 

Upper  and  lateral  surfaces  pale  brown  or  white,  marked  with  brown  or  dark  brown: 
narrow  slightly  curving  occipital  band,  not  joining  temporal  stripe,  but  sometimes 
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curving  forwards  to  forma  U;  narrow  loreotemporal  stripe  continuous  with  narrow  to 
moderately  wide  curving  band  on  nape,  the  whole  forming  a dark  U ; 3 wide  dark-edged 
bands  on  body  and  8 on  tail  (including  basal  band  even  when  it  slightly  encroaches  on 
rump,  but  excluding  dark  tail-tip).  Top  of  head  usually  clouded  with  brown  but  leaving 
a pale  U inside  dark  U on  temple  and  nape.  Interspaces  on  back  pale  brown,  usually  a 
little  wider  than  dark  bands.  Interspaces  on  tail  white  and  narrower  than  dark  bands. 

Distribution 

Mainly  the  Pilbara  plateau  south  to  the  southern  slopes  of  the  Hamersley  Range; 
also  further  south  in  the  Kennedy  Range.  See  map.  Figure  2. 

Material 

North-west  Division  (WA) 

40  km  S Shay  Gap  (67451);  Whim  Creek  ( 14044);  Bamboo  Creek  ( 12638-40,  12712,  26718,  33413-5. 
56846-7);  Marble  Bar  (540);  10-15  km  E Warroo  Hill  (6754! );  Budjan  Creek,  Corunna  Downs  ( 1 3250);  10 
km  SW  Pannawonica  (68299-302);  Silver  Grass  Peak(  19223);  Bamboo  Springs  (40033-5);  near  Mt  Bruce 
(54475. 69816);  13-15  km  WN  W Uaroo  (80198-9. 81906);  33  km  SE  Mt  Meharry  (64828);  near  Paraburdoo 
(55983);  Kennedy  Range  (55972). 
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Leioproctus  bees  associated  with  Western  Australian  smoke  bushes 
(Conospermum  spp.)  and  their  adaptations  for  foraging 
and  concealment  (Hymenoptera:  Colletidae:  Paracolletini) 

Terry  F.  Houston* 

Abstract 

Three  new  south-western  Australian  species  of  Leioprocius,  L.  conospermi,  L.  pappus 
and  L.  lomentosus,  are  described  and  figured.  They  form  a natural  group,  designated  the 
T.  conospermi  species-group,  assigned  to  the  subgenus  Leioproctus.  Males  intermediate 
in  character  between  those  of  L.  conospermi  and  L.  pappus  and  of  uncertain  status  are 
recorded. 

Ail  species  are  oligolectic  on  flowers  of  Conospermum  spp.  ( Proleaceae).  Modifications  of 
the  mouth  parts  are  evidently  associated  with  the  explosive  pollen  release  mechanism  of  the 
forage  plants  and  the  unusually  sparse  scopa  of  females  is  adapted  to  carry  the  relatively  coarse 
pollen. 

fwo  of  the  species,  L.  pappus  and  L.  tomentosus,  especially  the  males,  are  remarkably 
well  adapted  for  concealment  on  the  inflorescences,  being  densely  clothed  in  white  hair 
and  having  white  eyes  and  milky  wings. 

Introduction 

This  paper  makes  known  a small  group  of  bees  and  their  interesting  association 
with  certain  species  of  the  plant  genus  Conospermum  Smith  in  south-western 
Australia.  Conospermum  is  an  endemic  Australian  genus  of  about  40  species,  29  of 
which  occur  in  Western  Australia  (Rye  1987).  Some  species  (those  with  zygomorphic 
flowers)  are  reported  to  have  an  unusual,  explosive,  pollen  release  mechanism 
(Carolin  1961,  Holm  1978).  These  authors  presumed  that  insects,  probably  flies, 
were  responsible  for  triggering  the  mechanism,  but  no  records  of  Conospermum 
pollinators  have  been  published. 

An  unusual  feature  of  two  of  the  bee  species  described  here  is  that  their  males 
(and  to  a lesser  extent,  their  females)  are  conspicuously  modified  for  concealment 
on  the  hoary  flowers  of  their  forage  plants  This  is  novel  and  1 am  unaware  of  any 
reports  of  bee  camouflage. 

Terminology  and  Abbreviations 

The  morphological  terminology  employed  here  follows  that  of  Michener  (1965). 

Relative  dimensions  quoted  in  the  descriptions  are  directly  comparable  between 
the  sexes  and  between  species.  All  were  measured  using  an  eye-piece  graticule  on  a 
stereomicroscopc  with  the  zoom  objective  set  to  give  a head  width  reading  of  50 
eye-piece  graticule  divisions.  By  doubling  the  figure  for  any  given  dimension,  a 
percentage  of  head  width  is  obtained. 


* Western  Australian  Museum,  Francis  Street.  Perth,  Western  Australia  6000. 


275 


Leioprocius  bees 


The  abbreviations  used  for  relative  dimensions  are:  AOD  Antennocular  distance; 
ASD  Antennal  socket  diameter;  BMW  Basal  width  of  mandible  (viewed  laterally); 
FL  Flagellum  length;  HL  Head  length;  HW  Head  width;  lAD  Interantennal 
distance;  LID  Lower  interocular  distance  (distance  between  lower  ends  of 
compound  eyes  viewed  anteriorly);  LPL  Labial  palpus  length;  MFW  Minimum 
face  width  (shortest  distance  between  compound  eyes  viewed  anteriorly);  ML 
Mandible  length;  MOD  Median  ocellus  diameter;  MPL  Maxillary  palpus  length; 
OOD  Ocellocular  distance;  SL  Scape  length;  SW  Scape  width;  UID  Upper 
interocular  distance  (distance  between  summits  of  compound  eyes  viewed 
anteriorly).  Other  abbreviations:  ANIC,  Australian  National  Insect  Collection, 
CSIRO,  Canberra;  TFH,  author's  name;  UQ,  University  of  Queensland,  Brisbane; 
WAM,  Western  Australian  Museum,  Perth. 

Systematics 

The  bees  described  here  key  out  readily  to  Leioproctus  (Leioproctus  Smith)  using 
Michener's  (1965)  keys  and  conform  well  with  his  description  of  this  taxon. 
Michener  (l.c.)  listed  all  species-level  taxa  which  were  assignable  to  Leioprocius  s. 
sir,  in  the  Australian  Region  and  summarised  the  main  morphological 
variation  that  occurred  amongst  them.  He  made  no  mention  of  the  kinds  of  striking 
characteristics  displayed  by  the  smokebush  bees,  although  1 am  sure  he  would  have 
done  so  had  the  bees  then  been  known.  Although  Leioproctus  s.  sir.  is  a large  group 
much  in  need  of  revision,  1 am  confident  that  my  three  species  warrant  description 
and  naming;  they  could  not  be  identified  using  Cockerell’s  (1934)  key  to 
Faracolletes  Smith  (the  genus  in  which  most  species  of  Leioproctus  were  originally 
placed)  nor  by  comparison  with  all  subsequent  descriptions  of  Australian 
Leioproctus  s.  str.  species. 

The  Leioproctus  conospermi  species-group 

Diagnosis 

Readily  distinguishable  from  other  Leioproctus  s.  str.  as  follows:  prementum 
bowed  ventrally  (=posteriorly)  in  profile,  glossa  directed  anteriorly  (Figure  2a); 
maxillary  palpi  reduced,  shorter  than  labial  palpi,  with  3-5  segments  (Figures  2a, 
d-i);  hind  tibial  scopa  of  female  very  sparse,  setae  on  outer  surface  of  tibia  mostly 
bifurcate  or  trifurcate  (Figure  3e). 

Description 

Small  bees  (body  length  5-9  mm);  integument  predominantly  black,  non- 
metallic,  smooth,  shining;  eyes  (in  life)  pale  green  or  while;  pubescence 
predominantly  or  wholly  white;  metanotum  non-tuberculate;  propodeum  with 
sloping  dorsal  surface  about  1.5  X as  long  as  metanotum,  rounding  evenly  onto 
posterior  vertical  surface;  fore  tibial  calcar  w ith  a very  short,  simple,  apical  spine  or 
none  (Figures  31-q);  fore  basitarsus  of  female  only  2-3  X as  long  as  notch  of  slrigilis 
(Figure  3a),  with  coarse  vestilure  of  stiff,  simple  setae  ventrally;  hind  basitarsus 
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long,  narrow,  5-6  X as  long  as  high  in  females,  6-8  X in  males  (Figures  3e,  h);  inner 
hind  tibia!  spur  of  female  finely  serrate  (Figures  3i-k). 

Distribution 

South-western  Australia  (except  the  extreme  South-West)  from  near  Shark  Bay 
to  150  km  east  of  Esperance  (Figure  5). 

Key  to  species  of  the  Leioproctus  conospermi  species-group 

1.  Glossa  very  broad,  deeply  bifurcate  (Figures  2k,  1); 
prementum  with  few,  scattered,  simple  setae  (Figure  2b); 
male  with  large  frontal  concavities  ( Figure  I c),  concavities 
and  lower  face  covered  by  short,  dense  tomenium;  female 

with  lower  clypeus,  labrum  and  pygidial  plate  orange-brown.  . . L.  tomentosus 

Glossa  narrower,  truncate  or  slightly  bilobed  (Figure  2j); 

prementum  with  numerous  simple  setae  (Figures  2a,  c); 

male  without  frontal  concavities  and  facial  tomentum,  all 

facial  setae  long;  female  with  lower  clypeus,  labrum  and 

pygidial  plate  black 2 

2.  Prementum  with  setae  graded  in  length  from  much  shorter 
than  to  about  as  long  as  1st  segment  of  labial  palpus 
(Figure  2c);  flagellum  of  male  wholly  black,  bare 
posteriorly,  middle  segments  no  longer  than  wide;  female 

with  pubescence  of  5th  and  6th  metasomal  terga  brownish  . . . L.  conospermi 

Prementum  with  setae  of  more  or  less  uniform  length, 

much  shorter  than  1st  segment  of  labial  palpus  (Figure  2a); 

flagellum  of  male  largely  orange-brown  with  brush-like 

vestiture  of  short  erect  setae  posteriorly  (Figure  le), 

middle  segments  about  1 A X longer  than  wide;  female  with 

pubescence  of  5th  and  6th  metasomal  terga  white 3 

3.  Maxillary  palpus  usually  3-segmented  (rarely  4-segment- 
ed);  fore  tibial  calcar  terminating  in  a decurved  spine 
(slightly  spathulate  in  male)  ( Figures  3n,  o);  male  with  fore 
basitarsus  slightly  curved,  attenuated,  partially  bare  at 

midsection  (Figure  3c) L.  pappus 

Maxillary  palpus  4-segmented;  fore  tibial  calcar 
terminating  in  an  erect  tapered  spine;  male  (female 
unknown)  with  fore  basitarsus  straight,  not  attenuated  or 
bare  at  midsection  Intermediate  (conospermi-pappus)  form 


Leioproctus  (Leioproctus)  conospermi^  sp.  nov. 

Figures  la,  b;  2c-e,  j;  3a,  b,  e,  f,  i,  1,  m;  4a-c;  5. 

Holotype 

In  WAM  (88  974),  5,  48  km  SW  Mt  Ragged  (33'*27'S,  123"29'E),  Western  Australia,  21  Oct.  1982, 
C.A.  Howard  & TFH,  on  flowers  of  Conospermum  distichum. 


Ill 


Leioproctus  bees 


Paratypes 

25,  1$  in  ANIC;  IQ,  1$  in  UQ;  6Q,  49  in  WAM.  See  Specimens  Examined. 

Diagnosis 

Agrees  with  L.  pappus  and  differs  from  L.  tomeniosus  as  follows:  prementum 
with  numerous  simple  erect  setae;  male  with  long  erect  facial  hair  (not  short 
tomentum),  slender  scapes,  no  frontal  concavities;  female  with  pubescence  of 
metasomal  terga  2-4  densest  on  hind  margins,  forming  distinct  bands,  clypeus  and 
pygidial  plate  black. 

Readily  distinguished  from  L.  pappus  as  follows:  prementum  with  many  setae 
longer  than  1st  segment  of  labial  palpus  (Figure  2c);  male  with  fore  basitarsus 
simple  and  straight  ( Figure  3b),  fore  tibial  calcar  obtuse  apically  (Figure  3 1);  female 
with  pubescence  of  5th  and  6th  metasomal  terga  brownish. 

Description 

Male  (holotype) 

Head  width  2. 15  mm;  body  length  7.0  mm.  Relative  dimensions:  H W 50;  HL40; 
UID  39;  LID  28;  MFW  24;  lAD  6;  ASD4;  AOD  6;  SL  12;  SW  4;  FLc.  40;  MOD 
4.5;  OOD  10;  LPL  9,5;  MPL  7;  ML  17. 

Head  25%  broader  than  long;  inner  orbits  converging  ventrally  (Figure  1 a); 
malar  space  obsolete;  interantennal  area  elevated  to  a peak  medially;  scape  slender 
with  slightly  concave  ventral  margin;  flagellum  simple,  middle  segments  about  as 
long  as  broad;  glossa  distinctly  bilobed;  maxillary  palpus  4-segmented,  4th  segment 
incompletely  divided  ( Figure  2d),  relative  lengths  of  segments  1-4  are  respectively  4, 
3.5,2  and  4%  of  H W;  relative  lengths  of  labial  palpus  segments  1-4  are  respectively 
7,  4,  4 and  5%  of  HW;  mandible  with  posterior  tooth  scarcely  exceeding  anterior 
tooth;  pronotum  low,  inconspicuous;  metasoma  moderately  slender,  1st  segment 
nearly  as  long  as  wide;  2nd  cubital  cell  about  I 3 as  long  as  1st  and  as  long  as  3rd; 
fore  basitarsus  straight  (Figure  3b);  fore  tibial  calcar  obtuse  at  apex  (Figure  31); 
hind  legs  slender,  simple;  hind  femur  uniformly  rounded  in  cross  section;  hind  tibia 
with  straight  ventral  margin  (Figure  3f);  hind  basitarsus  c.  8 X as  long  as  high, 
straight. 

Head,  scapes,  mandibles,  thorax,  propodeum  and  legs  with  long,  erect,  white, 
plumose  setae,  not  dense  enough  to  obscure  underlying  integument  except  on 
clypeus;  metasoma  with  sparse  but  uniform  vestiture  of  shorter,  white,  plumose 
setae,  sterna  4 and  5 with  weak  apical  hair  fringes;  prementum  with  numerous 
simple  setae  as  in  female  (Figure  2c);  flagellum  posteriorly  bare.  dull. 

Eyes  (in  life)  greenish;  integument  generally  black  (black-brown  on  underside  of 
flagellum  and  apical  margins  of  metasomal  terga);  apices  ol  mandibles  dark  red- 
brown;  wing  membranes  clear  in  incident  illumination,  with  dark  hairs,  veins  thin, 
brown. 

Integument  mostly  shining  with  ill-defined  small  punctures;  propodeal  enclosure 
dulled  by  very  fine  roughening  and  tessellation,  transversely  striate  at  base; 
metasomal  terga  2-4  dulled  anteriorly  by  very  fine  roughening  and  tessellation. 

Terminalia  as  in  Figures  4a-c. 
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Figure  1 Leioproctm  conospermi  species-group:  (a-c)  anterior  views  of  head  and  left  antenna  of  (a, 
b)  L.  conospermi  male  and  female,  respectively,  and  (c)  /..  tomentosus  male  (con  = 
concavities  of  Irons);  (d,  e)  dorsal  views  of  left  pedicel  and  first  four  segments  of  ilagellum 
ol  males  of  L.  tomentosus  and  L.  pappus,  respectively,  showing  setation  in  profile  only. 
Scale  lines;  (a-c)  1 mm.  (d,  e)  0.5  mm. 

Female  (paratype  WAM  88/984) 

Head  width  2.2  mm;  body  length  7.2  mm.  Relative  dimensions:  HW  50;  HL  39; 
U1D36;L1D32;  MFW29;  I AD  6;  ASD  4;  AOD  9;  SL  15;FL30;  MOD4;OOD  10; 
FPL  9;  MPL  7;  ML  21. 

Head  as  in  Figure  1 b;  interantennal  area  elevated  to  a peak  medially;  mandible 
obliquely  truncate  at  apex;  glossa  distinctly  bilobed  (Figure  2j);  maxillary  palpus 
apparently  4-segmented  (Figure  2e),  relative  lengths  of  segments  1-4  are 
respectively  4,  3,  3 and  3%  of  HW;  relative  lengths  of  labial  palpus  segments  1-4  are 
respectively  7,  4,  3 and  4%  of  H W;  fore  tarsi  relatively  short,  basitarsus  only  2.25  X 
as  long  as  high,  flattened,  notch  of  strigilis  occupying  about  2 5 of  ventral  margin 
(Figure  3a),  anterior  surface  with  coarse  simple  bristles;  fore  tibial  calcar  with 
straight  acute  apical  spine  (Figure  3m);  hind  basitarsus  slender,  straight,  c.  5 X as 
long  as  high  and  0.58  X as  long  as  hind  tibia  (Figure  3e);  inner  hind  tibial  spur  finely 
serrate  ( Figure  3i);  pygidial  plate  truncate,  slightly  emarginate,  margined  by  raised. 
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rim-like  carina  and  with  longitudinal  median  ridge;  1st  cubital  cell  3.5  X as  long  as 
2nd,  the  3rd  2.5  X as  long.  Integument  of  head  and  body  black;  eyes  greenish  in  life; 
appendages  black  to  dark  brown;  apices  of  mandibles  dark  red-brown;  hind 
margins  of  metasomal  lerga  translucent;  wings  clear  (not  milky  in  incident 
illumination),  with  dark  setae  and  normally  thin,  brown  veins. 


Figure  2 Details  oi  mouth  parts  of  Lciopructus  cono.spernii  species-group:  (a)  proboscis  of  L. 

pappus  female  in  profile;  (b.  c)  profiles  of  premenlum  of  L.  lomentosus -dnd  L.  conospernii 
females,  respectively,  showing  setation  (not  to  same  scale);  (d-i)  maxillary  palpi  of  male 
(above)  and  lemalc  (below)  of  (d,  e)  L.  conospernii,  (f,  g)  L.  pappus,  and  (h.  i)  L. 
lomeniosus;  (^j-l)  anterior  views  of  apex  of  proboscis  of  fj)  L.  conospernii  female  and  (k,  1) 
L.  lomeniosus  female  and  male,  respectively.  Scale  lines:  (a)  1 mm.  (d-t)  0.25  mm. 
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Integument  mostly  shiny  with  close  to  very  sparse  setigerous  punctures;  scutum 
and  scutellum  almost  glossy;  propodeal  enclosure  dull,  transversely  striate  basally, 
minutely  roughened  elsewhere;  1st  metasomal  tergum  glossy,  others  dulled  by 
minute  tessellation. 

Head,  thorax,  propodeum  (except  enclosure),  legs  proximally  and  1st  metasomal 
tergum  with  sparse  to  moderately  dense,  erect,  white,  plumose  setae  not  obscuring 
integument;  2nd-4th  metasomal  terga  with  mostly  sparse,  short,  simple  setae,  with 
adpressed,  plumose  setae  on  hind  margins;  5th  and  6th  terga  with  long,  brown, 
plumose  setae;  5th  sternum  with  regular  apical  fringe  of  white  setae;  prementum 
with  numerous  erect,  simple  setae,  grading  from  very  short  posteriorly  to  long  in 
middle,  longest  setae  exceeding  length  of  1st  segment  of  labial  palpus  (Figure  2c). 

Variation 

Head  widths  vary  from  1 .9-2.3  mm  in  males  and  2. 1-2.4  mm  in  females.  In  some 
specimens  the  division  of  the  4th  segment  of  the  maxillary  palpus  is  more 
pronounced  or  even  complete  so  that  the  palpus  is  5-segmented,  sometimes  only  on 
one  side.  Such  specimens  occur  more  frequently  in  the  north-western  part  of  the 
range.  A male  from  near  Eneabba  is  unique  in  having  the  fore  tibial  calcar  like  that 
of  the  female. 

Distribution 

South-western  Australia  from  south  of  Dongara  to  150  km  east  of  Esperance 
(Figure  5). 

Etymology 

I he  specific  epithet  is  derived  from  the  generic  name  of  the  forage  plants. 

Specimens  Examined 

The  holotype  and  the  following.  Western  Australia:  10(5,6$,  paratypes(WAM  87/ 1435-6, 88/975-88)  same 
data  as  for  holotype  (AN  IC,  UQ,  WAM);9(5,5$,  Badgingarra  National  Park(30^24'S,  ! 15‘*27'E),  1-3  Oct. 
1980,  TFH,  on  flowers  of  Conospermum  /r/p//>7t»rv/wm(WAM);25(5,9and  14  km  WSW  and  16  km  NW  of 
Eneabba  (29'49'S,  1 15^16'E),  8-12  Sept.  1987,  TFH,  on  flowers  of  Conospermum  incurvwn{\l$)  dind  C. 
triplinervium  (85),  (WAM);  15,  1$,  paratypes  (WAM  88/989-90),  3 km  W of  Mt  Ragged  (33‘^27'S, 
123‘’29'E),  22  Oct.  1982,  C.A.  Howard  & TFH,  on  flowers  of  Conospermum  distkhum  (WAM);  25,  3$, 
Tutanning  Reserve,  18-25  km  E of  Pingelly,  30  Oci.-3  Nov.  1980,  TFH,  on  flowers  of  Conospermum 
stoechadis  /KM)\  115,  Watheroo  National  Park  (30**12'S,  115<*50'E),  3-5  Oct.  1980,  TFH,  on  flowers  of 
Conospermum  triplinervium  (WAM). 


Leioproctus  (Leioproctus)  pappus,  sp.  nov. 

Figures  I e;  2 a,  f,  g;  3 c,  d,  g,  j,  n,  o;  4 d,  g;  5;  6 a,  b. 

Holotype 

In  WAM  (88  991),  5^  Boorabbin  Rock  (3!*'12'S,  120‘’I7'E),  Western  Australia,  4-9  October  1981, 
I FH,  on  flowers  of  Conospermum  stoechadis. 

Paratypes 

1 15.  2$  in  ANIC;  25.  1$  in  UQ:  375.  5$  in  WAM.  See  Specimens  Examined. 
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Diagnosis 

Readily  distinguishable  from  L.  tomenlosus  as  noted  in  Diagnosis  of  L.  conospermi. 
Distinguishable  from  conospermi  as  follows:  prementum  with  setae  uniformly  shorter 
than  1st  segment  of  labial  palpus  (Figure  2a);  male  with  fore  basitarsus  attenuated  at 
middle  and  arcuate  (Figure  3c,  d),  fore  tibial  calcar  with  spathulate  apical  spine  and 
velum  produced  acutely  (Figure  3n);  female  with  pubescence  of  5th  and  6th  metasomal 
terga  white. 

Description 

Male  (holotype) 

Head  width  2.5  mm;  body  length  7.8  mm.  Relative  dimensions:  HW  50;  H L 37; 
U1D38;  LID  34;  MFW  30;  I AD  7.5;  ASD4;  ADD  8.5;  SL  13.5;  SW  3.5;  FLc.  45; 
MOD  4.5;  OOD  1 1;  LPL  9;  MPL  6;  ML  20;  MSL  c.  2. 

Differs  from  conospermi  as  noted  in  Diagnosis  and  in  the  following  additional 
features:  head  relatively  broader;  malar  space  present;  glossa  weakly  bilobed; 
maxillary  palpus  3-segmented,  3rd  and  4th  segments  fused  (Figure  2f)  relative 
lengths  of  segments  1-3  are  respectively  4,  2.5  and  5%  of  HW;  relative  lengths  of 
labial  palpus  segments  1-4  are  respectively  6,  3.5,  3 and  5%  of  H W;  mandible  with 
posterior  tooth  greatly  exceeding  anterior  tooth;  middle  segments  of  flagellum  1 .4 
X longer  than  wide;  fore  basitarsus  slightly  curved,  constricted  in  middle,  widest 
distally,  concave  ventral  surface  bare,  with  finely  serrated  ridge  proximally 
(Figures  3c,  d);  fore  tibial  calcar  with  somewhat  spathulate  apical  spine  (Figure  3n); 
hind  femur  with  distinctly  flattened  ventral  surface;  ventral  margin  of  hind  tibia 
with  distinct  convexity  proximally  (Figure  3g);  hind  basitarsus  c.  6 X as  long  as 
high,  slightly  arcuate. 

Eyes  (in  life)  white;  flagella  yellow-brown  ventrally;  wing  membranes  milky  in 
incident  illumination,  with  colourless  hairs,  veins  thick,  black. 

Pubescence  much  more  abundant  and  longer  than  in  L.  conospermi,  obscuring 
more  of  integument  and  imparting  a hoary  appearance  ( Figure  6a);  flagellum  shiny 
with  brush-like  vestiture  of  short,  erect  setae  most  developed  posteriorly  (Figure 
le);  malar  areas  densely  pubescent;  hind  tibia  and  basitarsus  posteriorly  with 
extremely  dense  simple  spatulate  setae  obscuring  integument;  femur  ventrally  and 
large  postero-ventral  area  of  hind  tibia  bare;  4th  and  5th  metasomal  sterna  with 

Figure  3 Details  ot  legs  ol  £-(:j/76's/?c'/v?//species-group;  (a,  b)  inner  views  of  fore  tarsus  of 

L.  conospermi  female  and  male,  respectively;  (c)  same  of  L.  pappus  male;  (d)  ventral  view 
of  lore  tarsus  of  A.  pappus  male  (except  base,  sctation  omitted);  (e)  outer  view  of  hind  leg 
(except  base)  of  L.  conospermi  {enrd\c  showing  scopa(setation  shown  in  profile  only;  dots 
represent  insertions  of  setae  on  anterior  surfaces  of  femur  and  tibia;  heavy  broken  lines 
indicate  extent  ol  a full  pollen  load);  (f.  g)  inner  views  of  hind  tibia  of  males  of  L. 
conospermi  and  L.  pappus,  respectively;  (h)  anterior  view'  of  hind  tibia  and  tarsus  of  L 
fomeniosus  male;  (i-k)  inner  hind  tibial  spurs  of  females  of  A.  conospermi.  L pappus  and 
A.  lomentosus,  respectively;  (1-q)  calcar  ol  fore  tibia  (male  above,  female  below)  of  (1.  m)  A. 
conospermi,  (n,  o)  A.  pappus  and  (p,  q)  A.  tomenlosus,  respectively.  Scale  lines;  (a-c)  0.5 
mm,  (e-h)  1 .0  mm,  (1-q)  0. 1 mm. 
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Figure  4 Details  of  male  lerminalia  of  Leioprocius  conospermi  species-group;  (a-c)  genital  capsule, 
7th  and  8th  metasomal  slernites  of  L conospermi  (ventral  view  on  left,  dorsal  on  right); 
(d-f)  half  ventral  views  of  genital  capsule  and  (g-i)  half  dorsal  views  of  7th  metasomal 
sternite  of  (d,  g)  L pappus,  (e,  h)  L tomentosus  and  (f,  i)  intermediate  (conospermi 
-pappus)  form.  Scale  lines:  0.5  mm. 
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quite  distinct  apical  fringes;  prementum  with  numerous  erect,  simple  setae, 
uniformly  shorter  than  1st  segment  of  maxillary  palpus. 

Terminalia  as  in  Figures  4d,  g. 

Female  (paratype  WAM  88/ 1014) 

Head  width  2.75  mm;  body  length  9 mm.  Relative  dimensions:  HW  50;  HL  37; 
U1D36;  LID  33;  IAD7.5;  ASD4;  AOD9;SL  14;SW3.5;  FLr.  30;  MOD4;OOD 
10;  ML  23;  MSL  0.5;  BMW  14;  LPL  6.6;  MPL  5. 

Differs  from  female  of  conospermi  as  noted  in  Diagnosis  and  in  the  following 
additional  features:  interantennal  area  convex  but  not  peaked;  malar  area  almost 
obsolete;  glossa  less  bilobed,  apical  annular  area  folded  medially  but  scarcely 
emarginate;  maxillary  palpus  3-segmented  through  fusion  of  3rd  and  4th  segments 
(Figure  2g),  relative  lengths  of  segments  1-3  are  respectively  4,  2 and  4%  of  HW; 
relative  lengths  of  labial  palpus  segments  1-4  are  respectively  5,  3,  2 and  3.5%  of 
H W;  fore  basitarsus  3.5  X as  long  as  high;  fore  tibial  calcar  with  decurved  apical 
spine  (Figure  3 o);  hind  basitarsus  6 X as  long  as  high  with  irregular,  knobbly 
margins  because  of  setal  insertions;  inner  hind  tibial  spur  with  only  3-4  subapical 
serrations  (Figure  3j);  pygidial  plate  flat,  granular;  1st  and  3rd  cubital  cells 
approximately  equal  in  length,  1.5  X as  long  as  2nd. 

Metasomal  terga  2-4  closely  pitted  but  little  less  shining  than  1st. 

Hind  margins  of  metasomal  terga  1-4  with  distinct,  complete  bands  ofadpressed 
white  pubescence;  5th  tergum  with  long  white  hair;  setae  of  prementum  no  more 
than  1 , 5 as  long  as  1st  segment  of  labial  palpus;  stipes  with  fringe  of  long,  simple 
setae  on  ventral  margin  (Figure  2a). 

Variation 

Slight.  The  Watheroo  female  has  4-segmented  maxillary  palpi  while  some  other 
specimens  have  the  3rd  (terminal)  segment  partially  divided. 

Distribution 

South-western  Australia  from  near  Perth  to  Geraldton  with  an  outlying  population 
between  Southern  Cross  and  Coolgardie  (Figure  5). 

Etymology 

1 he  specific  epithet  is  Latin  for  ‘plant  down’  and  is  used  as  a noun  in  apposition. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  21^,  4$  (WAM  88;  992-1016),  same  data 
as  for  holotype  (WAM);  105  (WAM  87  1430-1,  88  1026-33),  Badgingarra  National  Park  (30^24'S, 

I I5‘'27'E),  1-3  Oct.  1980,  TFH,  on  flowers  of  Conospermum  stoechadis  A.M)\  15  (WAM  88  1025), 
East  Yuna  Nature  Reserve,  34  km  WNW  of  Mullcwa,  23-24  Sept.  1983,  C.  & TFH.  on  flowers  of 
Conospermum  stoechadis,  (WAM);  1 15.  2$.  9 km  NNE  of  Geraldton,  19  Sept.  1972,  N.  McFarland,  on 
llowers  of  Conospermum stoechadis,  (AN  1C);  75.  19(^AM  88,  1017-24),  10  km  NE  of  Muchea(3P35'S, 
115"58'E),  II  Oct.  1980,  C.A.  Howard  & TFH,  on  flowers  of  Conospermum  stoechadis,  (WAM);  1$ 
(WAM  87;  1432),  Watheroo  National  Park  (30*U2'S,  115»50'E),  3-5  Oct.  1980,  TFH,  on  flowers  of 
Conospermum  triplinervium,  (WAM). 
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western  Australia.  Localities  where  more  than  one  species  have  been  collected  are 
represented  by  composite  symbols. 


Leioproctus  (Leioproctus)  tomentosus,  sp.  nov. 

Figures  1 c,  d;  2 b,  h,  i,  k,  1;  3 h,  k,  p,  q;  4 e,  h;  5. 

Holotype 

lnWAM(88,959),(5,8.4kmNNWot'Cataby{30H4'S,  115"32'E).  Western  Australia,  8 Jan.  1983,  C. A. 
Howard  & TFH.  on  flowers  of  Conospennum  crassinervium. 

Paratypes 

15,  1$  in  ANIC;  6^,  3$  in  WAM.  See  Specimens  Examined. 

Diagnosis 

Readily  distinguished  as  follows:  prementum  sparsely  setose  (Figure  2b);  metasomal 
terga  2-4  with  adpressed  pubescence  uniformly  distributed,  not  forming  distinct  apical 
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bands;  male  with  tomentose  frontal  concavities  and  expanded  scapes  (Figure  Ic); 
female  with  ventral  margin  of  clypeus,  labrum,  mandibles  and  pygidial  plate 
orange-brown. 

Description 

Male  (holotype) 

Head  width  1.75  mm;  body  length  5.2  mm.  Relative  dimensions:  HW  50;  HL  40; 
U1D37;LID30;  MFW  25;  lAD  5;  ASD4;  AOD  8;  SL  l3;SW7;FLc.  45;  MOD  4.75; 
AOD  8.5;  FPL  1 1;  MPL  8;  ML  17.5;  MSL  1. 

The  following  characteristics  are  additional  to  those  noted  in  the  Diagnosis.  Face 
rather  flat  except  for  large  concavities  in  upper  paraocular  areas;  malar  space  almost 
obsolete;  middle  segments  of  llagellum  about  1 .2  X longer  than  broad,  proximal  two 
segments  slightly  enlarged  and  compressed  (Figures  Ic,  d);  glossa  very  broad,  deeply 
bifid  ( Figure  21);  maxillary  palpi  4-segmented,  terminal  segment  somewhat  constricted 
at  middle  (Figure  2h),  relative  lengths  of  segments  1-4  are  respectively  5, 3,  3 and  6%  of 
HW;  relative  lengths  of  labial  palpus  segments  1-4  are  respectively  8,  5,  6 and  6%  of 
HW;  basitibial  plate  weakly  developed;  fore  basitarsus  strongly  depressed,  broadest 
distally  but  not  curved;  fore  tibial  calcar  with  acute  apical  spine  (Figure  3p);  hind  legs 
relatively  very  long,  tarsus  (excluding  claws)  1 .5  X as  long  as  tibia,  basitarsus  c.  7 X as 
long  as  high,  slightly  curved  ( Figure  3h);  2nd  cubital  cell  about  I / 3 as  long  as  1 st,  V2  as 
long  as  3rd. 

Eyes  (in  life)  white;  flagellum  (except  segments  1 and  2)  light  brown  anteroventrally; 
wing  membranes  milky  in  incident  illumination,  veins  thin,  brown,  very  pale  near  wing 
bases. 

Antennae  dull;  propodeal  enclosure  glossy  with  only  one  or  two  transverse  striae. 

Lower  face  and  paraocular  depressions  covered  by  short,  dense,  white  tomentum; 
remainder  of  head,  body  and  legs  with  moderately  dense,  moderately  long,  white 
pubescence  producing  hoary  appearance;  3rd  and  4th  metasomal  sterna  with  complete, 
regular,  apical  fringes;  5th  sternum  with  medially  interrupted  fringe;  stipes  fringed 
ventrally  by  single  row  of  short  to  moderately  long  setae  (at  most  as  long  as  1st  segment 
of  labial  palpus);  flagellum  with  brush-like  vestiture  of  short  setae  only  on  proximal 
three  segments  posteriorly  (Figure  Id). 

Terminalia  as  in  Figures  4e,  h. 

Female  (paratype  WAM  88/960) 

Head  width  1.85  mm,  bodv  length  c.  6 mm.  Relative  dimensions:  HW  50;  HL  41; 
UID  35;  LID  30;  I AD  6;  Asb4;  AOD  8;  SL  15;  SW  3.5;  FLc.  32;  ML  18;  MOD  4; 
OOD  8;  LPL  11;  MPL  6;  MSL  0.5. 

The  following  eharacteristics  are  additional  to  those  noted  in  the  Diagnosis.  Lower 
face  fairly  Pat,  interantennal  area  only  slightly  convex;  mandible  with  posterior  tooth 
rounded  (worn?);  scape  with  sinuate  ventral  margin;  1st  segment  of  Pagellum  1.4  X 
longer  than  wide  viewed  anteriorly,  somewhat  compressed;  glossa  very  broad,  deeply 
bifid  ( Figure  2k);  maxillary  palpus  apparently  4-segmented  with  incomplete  separation 
of  4th  and  5th  segments  (Figure  2i),  relative  lengths  of  segments  1-4  are  respectively  5,  3, 
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2 and  5%  of  HW;  relative  lengths  of  segments  1-4  of  labial  palpus  are  respectively  8,  5,  5 
and  7%  of  H W;  fore  basitarsus  c.  3 X as  long  as  high,  notch  of  strigilis  about  half  its 
length:  fore  tibial  calcar  with  acute  apical  spine  and  a few  cilia  (Figure  3q);  hind 
basitarsus  c.  6 X as  long  as  high  with  irregular  margins;  inner  hind  tibial  spur  finely 
serrate  (Figure  3k);  pygidial  plate  smooth,  flat,  rather  triangular  but  with  rounded 
apex,  margins  carinate  but  not  raised  and  rim-like;  2nd  cubital  cell  1/  3 as  long  as  1st,  Vi 
as  long  as  3rd. 

Body  mostly  black;  eyes  (in  life)  white;  wings  milky  in  incident  illumination  with 
colourless  hairs,  brown  veins  becoming  whitish  near  wing  bases. 

Propodeal  enclosure  glossy;  metasomal  terga  shiny  (largely  obscured  by 
pubescence);  pygidial  plate  smooth  and  weakly  shining,  with  sparse  granulation 
basally. 

Pubescence  wholly  white;  face  with  more  or  less  adpressed  plumose  setae;  1st 
metasomal  tergum  with  adpressed  plumose  setae;  longer  erect  setae  occur  on  terga  I 
anteriorly,  2-4  laterally  and  5 generally;  stipes  with  weak  fringe  of  long  setae  on  ventral 
margin. 

Distribution 

Known  only  from  the  coastal  plain  of  Western  Australia  140-180  km  north  of  Perth 
(Figure  5). 

Etymology 

The  specific  epithet  is  Latin,  meaning  ‘densely  covered  with  matted  wool  or  hair'. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  3$  (WAM  87/ 1429,  88/960,  961),  same 
data  as  for  holotype  (WAM);  7^,  1$  (WAM  87/ 1426-8,  88/962-6),  Badgingarra  National  Park  (30‘*24'S, 
1 15^'27'E),  27-28  Dec.  1982,  C.A.  Howard  & TFH,  on  flowers  of  Conospermum  crassinervium  (ANIC, 
WAM). 


Intermediate  Form  (near  L.  conospermi,  L.  pappus) 

Figures  4 f,  i;  5. 

Seven  males  whose  collection  data  are  given  below  are  consistent  in  having  character 
states  intermediate  between  those  of  L.  conospernii  L.  pappus.  The  available  data 
are  insufficient  to  show  whether  these  males  represent  a hybrid  population  or  a distinct 
fourth  species.  They  were  collected  just  prior  to  and  during  the  known  flight  season  of 
the  above-mentioned  species  and  at  (lowers  of  a shared  forage  plant  species.  Their  two 
collection  localities  are  the  most  northerly  for  the  species-group  (Figure  5)  and  only 
pappus  is  also  known  from  one  of  them  (East  Yuna).  The  nearest  known  conospermi 
locality  is  1 70  km  to  the  south.  However,  collecting  in  these  northern  areas  has  not  been 
intensive  and  conospermi  and  pappus  may  yet  be  found  there. 

The  males  are  distinguished  as  follows:  generally  similar  to  male  of  L pappus  but 
with  the  following  conospermi-Y\kt  features  — fore  basitarsus  straight  and  parallel- 
sided; hind  femur  not  flattened  ventrally;  hind  tibia  with  no  convexity  on  ventral 
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margin  proximally;  maxillary  palpus  with  4 segments,  4th  appearing  partly  divided; 
eyes  (in  life)  greenish.  Pubescence  not  as  dense  as  that  of  pappus  but  longer  and  denser 
than  that  of  conospermi:  wings  milky  in  incident  illumination  but  veins  not  as  thick  as 
those  of  pappus;  fore  tibial  calcar  terminating  in  a short  acute  apical  spine  (relatively 
much  shorter  than  that  of  pappus  female.  Figure  3a);  genital  capsule  and  7th 
metasomal  sternite  as  shown  in  Figures  4f,  i. 

Specimens  Examined 

Western  Australia:  4(5  (WAM  88/967-70),  East  Yuna  Nature  Reserve,  34  km  WNW  of  Mullewa,  23-24 
Sept.  1983,  C.  & TFH,  on  flowers  of  Conospermum  stoechadis{^ A.M)\  39  (WAM  88/971-3),  13  km  S of 
Wannoo  (26M9'S,  1 14‘’37'E),  24-28  Aug.  1984,  TFH  & B.P.  Hanich,  on  flowers  of  Conospermum 
stoechadis  (WAM). 


Observations 

Concealment 

The  Conospermum  species  frequented  by  the  Leioproctus  conospermi  species-group 
are  amongst  those  known  as  ‘smoke  bushes’.  Their  flowers,  and  in  some  cases  whole 
inflorescences,  are  covered  by  dense  white  pubescence  (Figure  6c)  and  the  allusion  is 
that  the  swaying,  often  amassed,  hoary  inflorescences  resemble  wisps  or  plumes  of 
smoke. 

Both  sexes  of  L.  conospermi  are  conspicuous  when  settled  on  the  inflorescences  of 
their  forage  plants  because  of  their  sparsely  setose  black  bodies.  However,  males  of  L 
pappus  and  L lomeniosus  are  virtually  invisible  while  settled.  Their  concealment  is 
assisted  by  the  following  adaptive  features;  dense  white  pilosity  obscuring  almost  the 
whole  of  the  black  integument  of  the  head,  body  and  legs,  whitish  compound  eyes  and 
milky  wing  membranes  (under  incident  illumination;  the  wings  are  clear  and  colourless 
in  transmitted  light)  (Figure  6a).  The  bare  antennal  flagella  closely  resemble  the  dark, 
glabrous,  acuminate  apices  of  floral  bracts. 

Males  of  the  conospermi  group  have  been  observed  patrolling  the  forage  plants, 
hovering  slowly  amongst  the  inflorescences  and  perched  on  them,  either  feeding  on 
nectar  or  sitting  alert.  My  impression  is  that  males  of  pappus  spend  proportionately 
more  time  alighted  on  inflorescences  than  do  conospermi  males  and  this  may  account 
for  their  superior  adaptations  for  concealment.  However,  further  observations  are 
required  to  ascertain  if  there  are  such  species  differences  in  male  behaviour. 

Females  of  pappus  and  tomentosus  are  modified  for  concealment  in  the  same  ways 
as  their  males  but  less  effectively.  Their  pilosity  is  sparser,  exposing  more  of  the  black 
integument,  especially  in  pappus  (Figure  6b).  3'his  is  puzzling  as  one  might  expect 
females  to  spend  more  time  than  males  on  flowers  and  consequently  to  be  more 
vulnerable  to  predators.  Predation  pressure  is  assumed  to  have  been  responsible  for  the 
evolution  of  camouflage,  not  only  in  the  bees,  but  in  other  arthropods  associated  with 
smokcbush  inflorescences  (e.g.  argid  sawfly  larvae,  the  cryptorrhynchine  weevil 
Aonychus  Uneaius  Pascoc,  unidentified  bombyliid  flies  and  Ihomisid  spiders). 

While  I am  unaware  of  any  literature  reports  of  camouflage  amongst  the  Apoidea,  1 
can  cite  the  following  additional  examples  of  camouflage  amongst  Australian  colletid 
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bees:  certain  wholly  white,  yellow,  or  pastel  green  euryglossines  (e.g.  Brachyhesma 
species,  Euryglossa  ( Callohesma)  megachlora  Exley)  which  forage  at  similarly 
coloured  flowers  of  Eucalyptus,  and  an  unnamed  species  of  Hylaeus  (Pseudhylaeus) 
with  a predominantly  white  integument,  oligolectic  on  white  or  yellow  flowers  of 
Dicrastvlis. 


Figure  6 (a.  b)  pinned  specimens  of  L.  pappus  male  and  female,  respectively  (female  carries  a partial 

pollen  load  on  hind  tibia);  (c)  inllorescences  of  Cunospermum  sfoechacHs.  Scale  lines:  (a,  b) 
1 mm.  (c)  1 cm. 


Foraging 

Conospermum  species  are  not  popular  forage  plants  for  bees  other  than  the  L. 

species-group.  Only  occasional  specimens  of  small  ha\ici\ds{  Lasloglossum 
and  Homalicfus)  have  been  collected  on  smokebush.  Bombyliid  and  syrphid  flies  and 
argid  sawflies  are  the  only  other  potential  pollinators  observed  at  llowers. 

Bees  of  the  conospermi  group  are  not  always  evident  or  abundant  at  smokebush 
blossoms,  even  in  ideal  conditions,  but  occasionally  are  so  numerous  that  hundreds  can 
be  collected  by  several  minutes'  sweeping  with  a net.  They  obtain  both  pollen  and 
nectar  from  Conospermum  flowers  and  are  not  known  to  visit  flowers  of  other  genera. 
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L tomentosus  is  recorded  only  from  C crassinervium  Meissner  (the  only  summer 
flowering  smokebush),  L.  pappus  only  from  C stoechadis  Endl.  and  C triplinervium 
R.  Br.,  and  L.  conospermi  from  C.  distichum  Benth.,  C incurvum  Lindley,  C. 
stoechadis  C.  triplinervium.  All  of  these  Conospermum  species  have  zygomorphic 
flowers.  The  flowers  are  quite  small,  the  slender  calyx  tubes  measuring  about  6-8  mm  in 
length  (about  the  length  of  the  bees), 

Foraging  bees  insert  their  proboscis  into  the  opening  of  the  calyx  while  standing  on 
the  outside  of  the  tube  (or  on  adjacent  flowers).  If  the  flower  has  not  been  visited 
previously,  the  bee’s  proboscis  triggers  the  pollen-release  mechanism  described  by 
Carolin  ( 196 1 ) and  Holm  ( 1 978):  tactile  stimulation  of  two  staminodia  within  the  calyx 
causes  the  style  to  snap  from  one  side  of  the  tube  to  the  other,  dabbing  an  adhesive  on 
the  insect;  then  the  fertile  anthers  explode  casting  pollen  into  the  lumen  of  the  tube  and 
onto  the  insect.  These  reactions  occur  instantaneously  with  a tiny  audible  ‘click’  and  the 
style  falls  with  such  force  that  it  has  been  known  to  trap  fatally  small  ants  and  syrphid 
flies  (Holm  1978,  G.  Reighery  personal  communication).  Leioproctus  visitors  are 
clearly  untroubled  by  this  explosive  mechanism.  The  reduction  of  the  maxillary  palpi  in 
the  L conospermi  group  is  perhaps  associated  with  the  battering  the  proboscis  receives 
during  feeding. 

Almost  all  specimens  of  the  bees  examined  had  Conospermum  pollen  grains 
adhering  to  the  prementum  and  stipites,  and  sometimes  also  to  the  genae,  proboscidial 
fossa  and  adjacent  interscleritic  membranes.  The  vestiture  of  simple  erect  setae  on  the 
prementum  and  stipites  apparently  serves  to  increase  the  capacity  of  those  structures  to 
hold  pollen.  It  may  also  serve  as  a brush,  enabling  females  to  extract  pollen  from  the 
calyx  lubes,  but  I have  no  observational  data  to  support  this  suggestion. 

Conospermum  pollen  is  comparatively  coarse,  the  grains  having  a greatest  diameter 
of  80-90^,  and  probably  the  very  sparse  scopa  of  conospermi  group  females  is  adapted 
to  carry  it.  Females  carry  pollen  in  two  distinct  clumps  on  the  outer  (or  anterior)  surface 
of  the  hind  leg,  one  on  the  femur  and  a much  larger  one  on  the  tibia.  The  tibial  pollen 
mass  of  a fully  laden  female  extends  well  beyond  the  extremities  of  the  scopal  setae 
(Figure  3e)  and  must  be  bound  by  some  adhesive. 
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Clarification  of  the  differences  between  Galaxiella  nigrostriata 
(Shipway,  1953)  and  Galaxiella  munda  McDowall,  1978 
(Pisces:  Galaxiidae)  from  Western  Australia 

Tim  M.  Berra*  and  Gerald  R.  Allenf 


Abstract 

Galaxiella  nigrostriata  and  G.  munda  are  sympataric  species  that  are  difficult  to  distinguish 
due  to  their  similarity  and  to  contradictions  in  previously  published  diagnoses.  Additional 
more  reliable  characters  are  as  follows:' the  dorsal  fin  of  G.  nigrostriata  originates  anterior  to 
the  5th  anal  ray.  whereas  in  G.  munda  the  dorsal  fin  originates  posterior  to  the  5th  anal  ray. 
Immature  G.  nigrostriata  have  a thin,  irregular  w hite  stripe  on  the  lower  side  of  the  body  trom 
the  pectoral  fin  to  the  anal  fin.  This  stripe  is  lacking  in  small  6'.  munda.  Mature  G. 
nigrostriata  are  easily  distinguished  by  the  presence  of  two  black  lateral  bands  separated  by 
an  orange  band.  Additional  meristic  data  are  presented,  and  published  errors  are  corrected. 


Introduction 

Galaxiella  nigrostriata  and  G.  munda  are  small  (maximum  standard  length  45  mm) 
endemic  sympatric  galaxiids  in  the  southwest  coastal  drainage  of  Western  Australia.  A 
third  species,  Galaxiella  pusilla  (Mack,  1936)  occurs  in  southeastern  Australia.  The 
difficulty  in  separating  G.  nigrostriata  and  G.  munda  has  been  compounded  by  errors 
in  published  keys,  descriptions,  and  photographs.  The  purposes  of  this  paper  are  to 
provide  relatively  easy-to-use  characters  by  which  these  species  can  be  distinguished 
and  to  correct  the  published  errors. 

G.  nigrostriata  was  considered  by  Shipway  ( 1953)  to  be  a subspecies  ol  G.  pusilla 
which  was  at  that  time  placed  in  Galaxias  or  Braehygalaxias.  Scott  (1971) 
recommended  full  specific  rank  and  McDowall  ( 1978)  erected  the  new  genus  Galaxiella 
and  described  a third  Australian  species,  G.  munda.  The  latest  comprehensive  review  ol 
Australian  galaxiids  is  by  McDowall  and  Frankenberg  (1981). 

Characters  used  by  McDowall  (1978)  and  McDowall  and  Frankenberg  (1981)  to 
separate  G.  nigrostriata  from  G.  munda  overla  p (for  example,  the  ranges  of  pelvic  and 
pectoral  fin  rays,  see  Table  1).  Consequently  it  may  be  dillicult  to  separate  the  two 
species  using  them. 


Methods 

Both  species  were  collected  together  in  November  and  December  1988  with  a 3 m seine 
of  1 .6  mm  mesh  from  an  unnamed  intermittent  tributary  of  the  Gardner  River  1 1 km  S. 
of  Northcliffe,  W.A.  off  Chesapeake  Rd.  All  specimens  were  fixed  in  10%  buffered 
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formalin,  stored  in  75%  ethanol,  and  measured  to  the  nearest  mm  of  standard  length 
(SL).  Additional  specimens  of  G.  nigrostriata  collected  in  September  1988  from  a pool 
receiving  overflow  from  the  above  mentioned  stream  during  flooding  were  dissected  to 
ascertain  the  presence  of  sexual  dimorphism.  A dissection  microscope  was  used  to  make 
the  diagnostic  counts  of  segmented  rays  used  by  McDowall  (1978)  and  McDowall  and 
Frankenberg  (1981). 


Diagnosis 

Coloration 

Adult  G.  nigrostriata  of  both  sexes  are  easy  to  distinguish  because  of  their  colour 
pattern.  They  possess  two  black  longitudinal  bands  along  the  sides  separated  by  an 
orange  band  (Shipway  1953)  (Figure  I).  This  pattern  develops  at  about  28  mm  SL, 
although  some  larger  individuals  may  lack  it.  Immature  fish  are  uniform  olivaceous 
with  a thin,  irregular  white  orsilvery  stripe  along  the  lower  sides  extending  from  under 
the  pectoral  fin  to  the  anal  fin  (Figure  1 ).  This  stripe,  not  present  in  adults,  is  still  visible 
in  preserved  specimens  for  12  years.  From  an  examination  of  a series  of  freshly  caught 


Figure  1.  Adult  female  (Jala.xii'lla  ni^rostrialail'i^  mm  SL)  showing  stripped  paitern(Top).  Immature  O’. 

(24  mm  SL)  (Centre).  Immature  O'.  /uz//7r/i/ (24  mm  SL)  (Bottom).  Note  position  of 
dorsal  origin  relative  to  anal  fin  and  presence  of  thin  irregular  white  stripe  in  O',  nigrostriata. 
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specimens,  it  appears  as  if  this  silvery  stripe  expands  to  become  the  orange  band  of 
adults.  This  may  be  a seasonal  phenomenon. 

Adult  G.  munda  are  olivaceous  with  a silvery,  lateral,  longitudinal  stripe  and,  in  life, 
a broad  orange  band.  A colour  photograph  of  G.  munda  is  given  in  Merrick  and 
Schmida  (1984),  The  thin  silvery  stripe  is  more  noticeable  posteriorly.  The  belly  is 
bright'silvery  white.  Juveniles  are  uniform  olivaceous  and  small  specimens  lack  the  thin 
silvery  stripe  (McDowall  1978). 

Morphometries 

McDowall’s  (1978)  morphometric  data  revealed  that  G.  nigrostriata  is  slightly 
deeper  bodied  than  the  slender  G.  munda.  This  is  noticeable  when  fish  of  the  same 
length  are  compared  (Figure  1). 

Counts  on  30  G.  nigrostriata  ( 17-26  mm  SL)  and  21  G.  munda  (21-30  mm  SL)  are 
shown  in  Table  1 along  with  McDowalfs  (1978)  data  for  the  same  parameters.  Each 
character  shows  some  degree  of  overlap  and  no  single  character  is  completely 
diagnostic. 

Most  G.  nigrostriata  have  9 segmented  anal  rays  and  most  G.  munda  have  10-12 
(Table  I ).  The  presence  of  1-3  short,  slender  rays  often  obscured  by  adipose  tissue  near 
the  fin  orgin  makes  this  character  difficult  to  use. 

Table  1 Number  of  individuals  in  each  category  of  merislic  variation  in  Galaxiella  nigrosiriata  (N=30) 
and  G.  munda  (N=2l).  Counts  are  of  segmented  rays  only. 


Character 

G. 

n igrosiriaia 

G. 

munda 

McDowall 

1978  This  Study 

McDowall  1978 

This  Study 

Anal  Fin 

Rays  8 

2 

4 

9 

1 1 

23 

1 

10 

3 

3 

12 

1 

11 

3 

19 

10 

12 

5 

10 

Pelvic  Fin 

Rays  5 

19 

28 

2 

10 

6 

2 

33 

1 1 

7 

2 

Pectoral  Fin 

Rays  9 

1 

1 

10 

15 

9 

1 1 

3 

19 

10 

12 

14 

16 

3 

1 

13 

4 

14 

14 

1 

G.  nigrostriata  usually  has  5 pelvic  rays,  as  do  almost  half  of  our  G.  munda 
specimens.  We  had  difficulty  in  determining  whether  the  thin,  innermost  ray  is  united  at 
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its  base  to  the  adjacent  ray.  The  difference  between  our  counts  and  McDowairs(  1978) 
probably  reflect  this  uncertainty. 

G.  nigrostriafa  usually  has  12-13  pectoral  rays  vs.  10-11  for  G.  mimda,  but  care  must 
be  take  to  count  the  lowermost  small  ray. 

In  addition  to  the  lateral  stripe  discussed  above,  an  additional  character  that 
separates  these  species  nearly  100%  of  the  time  involves  the  dorsal  fin  origin.  In  G. 
nigrostriata  the  dorsal  fin  originates  over  the  third  or  fourth  anal  ray  (see  Shipway 
1953),  and  in  G.  nnmda  it  begins  above  the  seventh  or  eighth  anal  ray  (Figure  1 );  i.e.  if 
the  dorsal  fin  origin  is  behind  the  fifth  anal  ray,  the  fish  belongs  to  G.  munda  (Table  2). 
This  is  not  reflected  in  the  drawings  in  McDowall  and  Frankenberg  (1981:  564,  567). 

Table  2.  Summary  of  the  major  differences  between  Galaxiella  ni^rosiriaia  and  G.  munda. 


G.  nigrosiriaia 

Dorsal  fin  origin  anterior  to  5th  anal  fin  ray. 

rhin  irregular  white  stripe  on  lower  side  of 
body  from  pectoral  fin  to  anal  fin  of  small 
juveniles. 

Pectoral  fin  rays  12-13. 

Anal  fin  rays  usually  9. 

Gill  rakers  long  and  slender. 

Body  shape  stocky. 

Adults  with  two  black  bands  on  sides  separated 
by  orange  band. 


O’,  munda 

Dorsal  fin  origin  posterior  to  5th  anal  fin  ray. 
No  such  stripe  in  small  juveniles. 

F^ectoral  fin  rays  10-1 1. 

Anal  fin  rays  usually  10-12. 

Gill  rakers  of  moderate  length. 

Body  shape  slender. 

Adults  without  two  black  bands  on  sides,  but 
with  thin,  irregular,  white  stripe. 


Corrections  of  Published  Errors 

G.  nigrostriata  has  long  slender  gill  rakers  and  G.  munda  has  shorter  gill  rakers  (e.g. 
Figure  44  and  description  p.  562  in  McDowall  and  Frankenberg,  1981).  Various 
confusing  statements  have  bee  made  in  this  text  (p.  552,  562,  568)  and  in  McDowall 
( 1979:  1 18-9)  about  gill  raker  size.  Similarly.  G.  nigrostriata  is  incorrectly  described  as 
having  more  anal  fin  rays  than  O',  munda  in  McDowall  and  Frankenberg.  1981:  562), 
but  this  error  does  not  appear  in  McDowall  (1978  Table  1)  and  McDowall  and 
Frankenberg  ( 1981  Table  16).  Allen  ( 1982  Plate  5 Figure  2)  incorrectly  labelled  a colour 
photograph  of  a mature  O.  nigrostriata  G.  munda.  Thus  his  Figures  1 and  2 of  Plate 
5 are  a juvenile  and  an  adult  O.  nigrostriata  respectively,  and  0.  munda  is  not 
illustrated. 
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A new  species  of  Wallabia  (Macropodinae:  Marsupialia)  from 
Pleistocene  deposits  in  Mammoth  Cave,  southwestern 
Western  Australia. 

T.  F.  Flannery* 


Abstract 

Wallabia  kitcheneri  sp.  nov.  is  described.  Thus  far  it  is  known  only  from  cranial  and  dental 
remains  which  have  been  recovered  from  Pleistocene  deposits  in  Mammoth  Cave, 
southwestern  Western  Auslraila.  Wallabia  kitcheneri  is  a rare  element  in  the  Mammoth  Cave 
fauna,  which  seems  to  have  been  derived  largely  from  a relatively  mesic  environment  similar 
to  that  existing  in  southwestern  Australia  today.  By  inlerence,  W.  kitcheneri  probably 
inhabited  such  an  environment.  The  nearest  relative  of  W.  kitcheneri  is  probably  W.  indra  De 
Vis,  of  the  late  Cenozoic  of  Queensland. 


Introduction 

The  (dental  remains  of  an  extinct  small  macropodine  have  long  been  recognized  among 
material  excavated  at  Mammoth  Cave  early  this  century  (Merrilees  1968,  Merrilees 
and  Porter  1979).  However,  until  now  there  has  been  no  formal  description  of  this 
taxon.  I find  it  to  be  a species  of  Wallabia,  closest  to  but  quite  distinct  from  Wallabia 
indra  (De  Vis,  1895),  which  is  known  from  Pleistocene  deposits  in  southeastern 
Queensland. 

The  Mammoth  Cave  fossil  deposits  were  first  investigated  in  detail  by  Glauert  (1910) 
and  their  fauna  has  been  recently  reviewed  by  Merrilees  (1979).  In  addition  to  Wallabia 
kitcheneri  nov.  it  includes  Zaglossus  hacketfi,  Tachyglossus  aculeatus,  Thylacinus 
cynocephalus,  Sarcophilus  harrisii,  Dasyurus  geojfroyi,  Phascogale  tapoatafa, 
Antechinus  flavipes,  Sminthopsis  murina,  Peranieles  sp.  cl  P.  bougainville,  Isoodon 
obesulus.  Potorous  tridactylus,  Setonix  brachyurus.  Macropus fuliginosus,  Macropus 
eugenii,  Macropus  irma,  Onychogalea  sp.  cf  O.  unguifera,  Protemnodon  brehus, 
Simothenurus  occidenlalis,  Simosthenurus  brownei,  Trichosurus  vulpecula, 
Pseudocheirus  peregrinus,  Thylacoleo  sp.  cf.  T.  carnifex,  Zygomaiurus  trilobus, 
Vombatus  hacketti,  Phascolarctos  cinereus,  ? Pseudomys  albocinereus,  P.seudomys 
shortridgei,  Rattus  fuscipes,  a bat,  several  kinds  of  birds,  lizards  and  frogs,  and  the 
extinct  snake  Wonambi  naracoortensis.  Except  for  the  large  extinct  taxa,  most  of  these 
species  are  typical  of  the  mesic  southwest  of  Western  Australia  today. 

Few  fossil  species  of  Wallabia  have  been  described.  Bartholomai  (1966)  includes  a 
rcdescription  of  the  holotype  of  Wallabia  indra  (De  Vis,  1895),  and  selection  of  a 
lectotype  for  Wallabia  vishnuiDe  Vis,  1 895).  While  both  specimens  lack  precise  locality 
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data,  Bartholomai  (1966)  considers  it  likely  that  the  holotype  of  W.  indra  was  derived 
from  the  Pliocene  Chinchilla  Sands  of  southeastern  Queensland,  while  the  lectotype  of 
PC.  yishnii  derived  from  Pleistocene  fluviatile  deposits  on  the  eastern  Darling  Downs, 
southeastern  Queensland.  Bartholomai  (1976)  is  a revision  of  the  specimens  of 
Wallabia  found  in  Cenozoic  deposits  in  Queensland,  which  includes  all  fossil  types.  He 
considers  that  " Halmaturus"  vishnu  De  Vis,  1895  is  a synonym  of  Wallabia  indra  {Dc 
Vis,  1895).  Only  a single  extant  species  (Wallabia  bicolor)  is  known,  which  differs  in 
details  of  molar  morphology  from  the  extinct  species.  However  Bartholomai  (1976) 
considered  that  the  major  difference  between  W.  bicolor  and  W.  indra  was  size. 

Dental  nomenclature  and  enumeration  follows  Archer  (1976,  1978).  WAM  is  a 
prefix  for  Western  Australian  Museum  fossil  specimens. 


Systematics 

Superfamily  Macropodoidea  (Gray,  1821) 

Family  Macropodidae  Gray,  1821 
Subfamily  Macropodinae  (Gray,  1821) 

Genus  Wallabia  I vouQssari^  1904 

Wallabia  kitcheneri  sp.  nov. 

(Figure  I,  Table  1) 

Holotype 

WAM  66.9.47,  fragmentary  right  dentary  containing  P,  3 (in  crypt),  P/  2,  M/ 1-4,  with  M/  5 probably  in 
crypt  also.  Only  the  root  of  I 1 remains,  and  much  of  the  ascending  ramus  is  broken  away. 

Paratypes 

WAM  66.9.29  and  WAM  66. H.  18.  maxillary  fragments  containing  P3  . M2  . W' AM  66.8. 1 7,  left  dentary 
fragment  with  P 3 (removed  from  crypt),  posterior  of  P 2.  M 1-4.  probably  M 5 in  crypt,  lacking  most  of 
I 1 crown  and  ascending  ramus:  possibly  from  the  same  individual  as  WAM  66.9.47.  WAM  66.9.7 1 and 
WAM  66.9.72,  left  and  right  dentaries  containing  1 I.P  3(incrypt),P  2,  M 1-3(M  4 probably  in  crypt), 
WAM  66.9.71  lacking  part  of  ascending  ramus.  WAM  66.9.41.  left  dentary  fragment  containing  P 2. 
M 1-2(M  3-4  in  crypt),  lacking  I ! and  diastemal  area.  WAM  66.9.39,  right  dentary  fragment  with  partly 
calcified  P 3 in  crypt,  partial  M I,M  2(M  3-4  probably  in  crypt).  WAM  66.9.40.  right  dentary  fragment 
containing  M 1-2  (M  3-4  probably  in  crypt),  broken  away  anterior  to  M I.  WAM  66.9.42,  left  dentary 
fragment  containing  M !,  partial  M 3 in  crypt. 

Type  Locality  and  Age 

Archer,  Crawford  and  Merrilees  (1980)  consider  the  stratigraphy  and  age  of  the 
Mammoth  Cave  fossil  fauna,  and  the  provenance  of  the  bones,  in  some  detail.  They 
consider  that  all  of  the  fossil  material  except  some  much  younger  surficial  specimens 
come  from  two  deposits  within  the  cave,  termed  by  them  the  Glauert  and  Le  Soeuf 
deposits,  but  that  the  great  majority  came  from  the  Glauert  deposit.  They  also  note  that 
among  the  thousands  of  bones  attributed  to  the  site  held  in  the  Western  Australian 
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Museum,  only  about  50  are  associated  with  documentary  evidence  stating  that  they 
originate  from  Mammoth  Cave.  The  remainder  are  attributed  as  coming  from  that 
deposit  largely  as  a matter  of  museum  tradition.  The  Wallabia  kitcheneh  material 
unfortunately  falls  into  this  latter  category.  However,  the  specimens  have  calcarenite 
adhering  to  them  that  is  extremely  similar  to  that  on  other  specimens  known  as 
originating  from  Mammoth  Cave,  and  there  is  no  evidence  to  suggest  that  they  might 
have  come  from  any  other  deposit. 

The  upper  part  of  the  Glauerl  deposit  has  two  radiocarbon  dates  in  excess  of  37,000 
BP,  and  a third  date  based  upon  a small  charcoal  sample  from  the  upper  part  of  the 
lower  layers  (but  including  some  material  from  lower  layers)  of  greater  than  3 1 ,500  ybp. 
Thus  Archer,  Crawford  and  Merrilees  (1980)  suggest  that  the  deposits  are  beyond  the 
range  of  conventional  radiocarbon  dating,  and  (because  of  the  bandicoot  taxa  present) 
may  date  to  a period  of  intense  glaciation,  i.e.  around  70,000  or  150,000  years  ago. 

Diagnosis 

Wallabia  kitcheneh  can  be  distinguished  from  Wallabia  bicolor  on  the  basis  of  ifs 
more  hypsodont  lower  molars  that  have  less  bowed  buccal  margins;  lack  of  a well- 
developed  preentocristid;  longer  anterior  cingulae  on  lower  molars;  in  having  the 
protolophid  narrower  than  the  hypolophid  on  Ml  1;  in  its  larger  size,  and  relatively 
shorter  premolars.  It  can  be  distinguished  from  Wallabia  indra  on  the  basis  of  its 
narrower  and  higher-crowned  lower  molars;  in  having  the  premetacristid  better 
developed  than  the  preprotocristid  on  M / 1;  in  having  narrower  anterior  cingulae;  in 
that  the  buccal  side  of  the  molars  are  not  as  strongly  bowed;  and  in  having  a markedly 
shorter  P;  3. 

Etymology 

Named  in  honour  of  Dr  Darryl  Kitchener  of  the  Western  Australian  Museum,  who 
has  done  so  much  to  advance  the  study  of  mammalogy  in  Western  Australia. 

Description 

Maxilla  and  upper  cheekteeth.  The  only  known  maxillary  fragments  possibly 
represent  a single  individual.  Unfortunately,  they  were  not  found  in  association  with 
any  lower  dentitions.  However,  I consider  that  they  are  conspecific  with  the  dentary 
fragments  of  Wallabia  kitcheneri  for  the  following  reasons.  The  dimensions  of  the  P3/ 
and  M2/  are  in  accordance  with  the  dimensions  of  the  holotype  lower  dentition  of  W. 
kitcheneri:  the  maxillary  teeth  are  morphologically  compatible  with  the  lowers 
assigned  to  W.  kitcheneri;  and  there  is  no  evidence  that  would  suggest  that  two  species 
of  the  genus  Wallabia  (one  represented  by  upper  dentitions  only  and  the  others  by 
lowers  only)  may  be  present  at  Mammoth  Cave.  Thus  1 am  satisfied  that  both  lower 
and  upper  dentitions  represent  a single  taxon,  here  designated  Wallabia  kitcheneri.  In 
both  left  and  right  fragments  the  maxilla  is  broken  away  behind  M2  and  just  anterior 
to  P3/  . On  WAM  66.8.18  what  remains  of  the  rostum  is  deflected  sharply  ventrally 
from  the  plane  of  the  cheektooth  row,  much  as  in  the  species  of  Macropus.  The  dental 
foramen  is  placed  just  above  the  posterior  root  of  P3/  in  WAM  66.8. 18  and  above  the 
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junction  of  P3-M2/  in  WAM  66.9.29.  Insufficient  of  the  palate  is  preserved  to 
determine  if  palatal  vacuities  existed. 

Both  P3/  's  are  heavily  worn.  Although  largely  obliterated  by  wear,  it  is  clear  that  a 
posterolingual  cusp  was  present.  The  lingual  cingulum  is  well-developed  but  low, 
extending  anteriorly  from  the  posterolingual  cusp  to  terminate  at  a point  opposite  the 
anterior  cusp  of  the  main  crest.  The  anterior  cusp  of  the  main  crest  has  sharp  ridges 
descending  from  it  buccally,  lingually  and  anteriorly.  The  rounded  posterior  cusp  is 
lower  than  the  anterior  cusp,  and  three  small  cuspules  with  associated  buccal  ridgelets 
are  present  on  the  main  crest  between  the  anterior  and  posterior  cusps.  A small 
transverse  enamel  crest  is  present  at  the  posterior  edge  of  the  tooth.  Before  wear,  it  may 
have  formed  a crest  running  buccally  from  the  posterior  end  of  the  posterobuccal  cusp. 

Both  M2/'s  are  so  heavily  worn  that  no  occlusal  structures  remain.  A rim  of  enamel 
c.  2mm  high  is  all  that  remains  of  the  crown. 

Dentary  and  lower  teeth.  Unfortunately,  all  known  dentaries  of  W.  kiicheneri  have 
the  P 3 and  M 5 unerupted,  and  thus  represent  young  animals.  The  dentary  shape  and 
diastemal  length  are  probably  not  representive  of  adults.  All  known  dentaries  are 
relatively  gracile  and  have  a short  diastema  (Figure  I).  The  mandibular  symphysis  is 
weakly  ankylosed  and  extends  posteriorly  to  Just  below  P/2.  On  the  most  adult 
specimens  the  buccinator  groove  runs  from  below  M / 3 to  below  the  posterior  of  M , 1 . 
On  younger  specimens  it  is  restricted  to  below  M/  I.  The  diagastric  sulcus  is  weakly 
defined,  and  on  WAM  66.8.17  runs  from  below  M 4 to  below  the  anterior  portion  of 
the  ascending  ramus.  The  masseteric  canal  is  relatively  small  and  shallow.  The  mental 
foramen  is  placed  Just  anterior  to  P 2 on  all  specimens.  I'he  coronoid  process  ascends 
nearly  vertically  from  the  cheektooth  row  and  the  condyle  is  subovate  in  shape. 

Somewhat  corroded  1 1 crowns  are  preserved  in  WAM  66.9.72  and  66.9.71.  In  the 
former  only  the  anterodorsal  part  of  the  crown  is  corroded.  Prominent  dorsal  and 
ventral  enamel  flanges  are  present  on  the  crown,  while  lingually  an  extremely  thin 
patina  of  enamel  is  present,  which  gradually  thickens  to  form  the  ventral  flange.  In 
overall  morphology  the  tooth  is  similar  to  that  of  W.  hicolor,  but  is  dorsoventrally 
deeper. 

Four  complete  P 2's  exist,  of  which  3 are  very  similar  in  morphology  (WAM 
66.9.47, 66.9.72  and  66.9.7 1 ).  In  these  specimens  the  occlusal  edge  is  subhorizontal  and 
three  evenly-spaced  cuspules  are  present.  The  anterior  cusp  stands  slightly  above  the 
rest  of  the  occlusal  edge.  The  posterior  cusp  is  slightly  lower  than  the  anterior  one,  and 
is  flexed  markedly  lingually.  WAM  66.9.41  differs  from  the  above  specimens  in  that  the 
anterior  cusp  is  well-separated  from  the  rest  of  the  occlusal  edge  by  a groove  c.  1 .0mm 
deep.  The  groove  separating  the  posterior  and  median  cusps  also  seems  better  defined. 

Four  P 3's  are  available  for  examination  (WAM  66.9.72,  66.9.47,  66.9.39  and 
66.8.17)  of  w'hich  only  one  (WAM  66.8.17)  has  been  completely  removed  from  the 
crypt.  Of  the  others,  only  their  buccal  surfaces  can  be  seen.  Where  discernable,  all 
specimens  consist  of  a single,  high  and  short  crest  ornamented  by  an  anterior  and 
posterobuccal  cusp,  with  two  smaller  cuspules  placed  between  them.  All  cuspules  are 
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Figure  I:  a,  occlusal  view  of  right  dentary  of  WAM  66.9.47  (holotype);  b-d.  occlusal,  buccal,  lingual 
views  of  right  P 3 (removed  from  the  crypt)  of  WAM  66.8.17  (paratype);  e-f,  occlusal  and 
lingual  views  ot  the  left  dentary  of  WAM  66.9.72  (paratype);  g-h,  buccal  and  occlusal  views  of 
the  left  maxillary  fragment  WAM  66.8.18  (paratype).  All  of  Wallabia  kiicheneri  sp.  nov. 
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Table  1 Dental  measurements  (in  mm)  of  all  known  specimens  of  Wallabia  kitcheneri  sp.  nov. 


Length 

Anterior 

width 

Posterior 

width 

WAM66.8.17 

Left  dentary 

M 1 

6.4 

3.8 

4.6 

P 3 

8.6 

3.1 

3.7 

M 2 

7.5 

5.2 

5.5 

M 3 

8.9 

6.2 

6.5 

M 4 

1 1.4 

7.4 

7.3 

WAM66.9.47 

Right  dentary 

P 2 

6.2 

2.7 

3.3 

(?  same  individual 

M 1 

7.6 

3.7 

4.4 

as  WAM66.8.17) 

M2 

7.6 

5.0 

5.5 

M 3 

9.3 

6.3 

6.4 

M/4 

11.5 

7.4 

7.4 

WAM66.9.71 

Left  dentary 

P 2 

6.3 

2.7 

3.2 

M 1 

7.2 

3.5 

4.4 

M 2 

8.2 

5.2 

5.3 

M 3 

10.0 

6.4 

WAM66.9.72 

Right  dentary 

P 2 

6.2 

2.4 

3.1 

(?  same  individual 

M 2 

8.0 

5.2 

5.3 

as  WAM66.9.71) 

M3 

9.8 

6.5 

WAM66.9.4! 

Left  dentary 

P 2 

6.1 

2.8 

3.7 

M 1 

6.9 

3.5 

4.2 

M 2 

8.2 

5.0 

5.4 

WAM66.9.40 

Right  dentary 

M 1 

7.0 

3.5 

4.3 

(?  same  individual 

M2 

8.3 

4.8 

5.3 

as  WAM66.9.41) 

WAM66.9.39 

Right  dentary 

M 2 

8.6 

5.6 

5.8 

WAM66.9.42 

Right  dentary 

M 1 

7.5 

4.2 

4.9 

WAM66.8.I8 

Left  maxilla 

P3 

10.9 

4.9 

5.8 

M2 

7.1 

7.4 

WAM66.9.29 

Right  maxilla 

P3 

10.6 

4.0 

5.9 

(?  same  individual 

M2 

7.0 

as  WAM66.8.18) 


subequal  in  height.  The  short,  high  crown  of  P/  3 in  W.  kitcheneri  is  markedly  different  from 
anything  seen  in  closely  related  taxa,  which  usually  have  lower,  more  elongated  P/3’s. 

All  known  specimens  of  the  lower  dentition  of  W.  kitcheneri  include  an  M 1,  and 
some  morphological  diversity  is  apparent  in  the  sample.  However,  all  are  similar  in 
having  the  protolophid  markedly  narrower  than  the  hypolophid.  The  anterior 
cingulum  is  narrow  and  elongate.  The  moderately  well-developed  cristid  obliqua  runs 
from  the  hypoconid  apex  to  the  rear  face  of  the  protoconid.  The  metaconid  is  taller 
than  the  protoconid.  A strong  paracristid  and  weaker  premetacristid  define  the  buccal 
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and  lingual  margins  of  the  anterior  cingulum.  These  structures  are  usually  straight,  but 
in  WAM  66.9.42  they  are  kinked  towards  each  other  near  their  midpoints.  A well- 
developed  premetacristid  runs  from  the  apex  of  the  metaconid  along  the  lingual  edge  of 
the  tooth  into  the  interlophid  valley.  A straight  preentocristid  runs  from  the  entoconid 
along  the  lingual  margin  of  the  tooth  to  the  interlophid  valley.  The  rear  face  of  the 
hypolophid  is  vertically  oriented  and  unornamented. 

All  dentary  specimens  of  W.  kitcheneri  except  WAM  66.9.42  include  M/2.  The 
hypolophid  and  protolophid  are  subequal  in  width  and  height.  The  anterior  cingulum 
is  narrow,  relatively  shorter  than  in  M/  I and  is  low.  Its  buccal  margin  is  convex  when 
viewed  from  above,  and  its  lingual  margin  is  straight.  The  paracristid  is  kinked,  running 
anterolingually  from  the  apex  of  the  protoconid  then  turning  gently  anteriorly  to  join 
the  anterior  cingulum.  A small  lingual  fossette  is  present  lingual  to  the  paracristid.  A 
premetacristid  runs  anteriorly  from  the  apex  of  the  metaconid  along  the  lingual  edge  of 
the  tooth,  but  in  most  specimens  it  fails  to  contact  the  anterior  cingulum.  The  cristid 
obliqua  is  kinked  in  a similar  fashion  to  the  paracristid,  running  from  the  apex  of  the 
hypoconid  to  about  one-third  of  the  way  from  the  buccal  edge  of  the  rear  face  of  the 
protolophid.  Thus  it  is  placed  further  linguaily  than  on  M/  I.  The  rear  face  of  the 
hypolophid  is  vertically  oriented  and  unornamented.  The  M;3  differs  from  M;2  in 
being  larger,  and  in  having  a more  pronounced  convex  buccal  margin  to  the  lophids. 
1 he  M 4 ditters  from  M;  3 in  being  larger  and  in  having  more  markedly  convex  molar 
margins.The  M 5 is  unknown. 


Discussion 

The  reasons  for  assigning  the  Mammoth  Cave  material  described  herein  to  the  genus 
Wallahia,  rather  than  some  other  macropodine  genus,  is  as  follows:  the  species  of 
H 'allahia  (including  IT',  kitcheneri)  differ  from  the  species  of  Macropus,  Onychogalea 
and  Peirogale  in  possessing  much  less  hypsodanl  molars  and  in  lacking  an  arched 
alveolar  margin  on  the  dentary  (Dawson  and  Flannery  1985);  they  differ  from  species 
of  Dorcopsis,  Dorcopsulus,  most  Denc/rolagus,  Dorcopsoules  and  Prionotemnus  in 
having  a well-developed  protolophid  on  M l.  They  differ  from  the  species  of 
Protemnodon,  Galanarla,  Dorcopsoides  and  Prionotemnus  in  lacking  posterior 
cingulae  on  the  lower  molars;  from  species  of  Lagorchestes  in  having  much  narrower 
anterior  cingulae  in  lower  molars,  from  Baringa  in  lacking  a crest  on  the  rim  of  the 
masseteric  foramen,  from  Kurrahi  species  in  having  a fenestrate  palate;  from  Thylogale 
and  5>/o/?/a' species  in  being  larger;  and  from  Setonix  in  having  more  elongate  molars. 

With  only  three  species  in  the  genus  Wallahia,  and  with  no  clear  plesiomorphic 
outgroup,  it  is  difficult  to  speculate  upon  relationships.  Bartholomai  (1976)  clearly 
envisaged  Wallahia  vislinu  as  the  ancestor  to  W.  hicolor.  However,  W.  hicolor 
possesses  a number  of  dental  pecularities  that  are  not  seen  in  W,  vishnu.  These  include 
presence  of  an  accessory  midlink  on  upper  molars,  and  a secondary  cristid  obliqua  on 
lowers.  Furthermore,  remains  of  W.  /?/To/or  dating  to  the  late  Pliocene  from  Victoria 
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have  recently  been  discovered  (M.  Whitlaw  pers.  comm.),  making  an  ancestor- 
descendant  relationship  with  W.  vishnu  highly  unlikely.  Overall,  the  molar 
morphology  of  W.  vishnu  and  W.  kifeheneri  are  more  similar  to  each  other  than  either 
is  to  W,  hicolor,  and  this  may  suggest  that  they  are  close  relatives. 

An  understanding  of  the  biota  from  which  the  Mammoth  Cave  fossil  assemblage 
was  derived  is  hampered  by  lack  of  data  about  where  individual  specimens  were 
obtained.  Archer,  Crawford  and  Merrilees  ( 1980)  note  that  the  bulk  of  the  bones  came 
from  two  locations  within  the  cave.  Unfortunately,  the  temporal  and  geographic 
relationships  of  these  deposits  are  unknown,  and  some  specimens  may  have  been  from 
recent  surficial  deposits.  The  Wallahia  kitcheneri  material  clearly  does  not  fall  into  this 
last  category,  as  some  specimens  are  cemented  into  calarenite,  but  is  is  unclear  if  they 
came  from  both,  or  only  one  of  the  older  deposits.  Even  given  these  difficulties 
however,  a little  can  be  said  regarding  the  ecological  significance  of  the  remains. 

The  Mammoth  Cave  fauna  material  can  be  divided  into  three  groups  on  the  basis  of 
extinction  patterns;  1)  taxa  that  became  extinct  throughout  Australia  in  the  late 
F^leistocene;  2)  taxa  that  became  extinct  in  the  southwest,  but  which  survived  (or  at  least 
near  relatives  survived)  in  eastern  Australia;  and  3)  taxa  still  existing  in  Western 
Australia.  Wallahia  kitcheneri  clearly  falls  into  the  second  category.  It,  along  with 
Vomhatus  hacketfi  and  Phascolarctos  cinereus  either  still  exist  or  have  closely  related 
species  in  eastern  Australia.  Interestingly,  all  of  the  surviving  eastern  species  inhabit 
eucalypt  forest,  although  some  can  be  found  in  other  habitats  as  well.  The  extinction  of 
these  species  or  their  near  relatives  in  southwestern  Western  Australia,  but  not  in  the 
east,  may  be  due  to  differing  climatic  and  vegetational  histories  of  the  two  areas. 
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Three  new  species  of  genus  Tamopsis  Baehr  & Baehr  from 
Western  Australia  (Arachnida,  Araneae,  Hersiliidae). 
Second  supplement  to  the  revision  of  the  Australian  Hersiliidae. 

Barbara  Baehr*  and  Martin  Baehr* 


Abstract 

Three  new  Tamopsis  species  from  Western  Australia  are  described:  Tamopsis  nanutarrae  sp. 
nov.,  T.  marris'p.  nov.,and  T.  mallee'S'p.  nov.  Their  relationships  within  genus  Tamopsis  diXt 
discussed. 


Introduction 

During  travel  through  Western  Australia  in  1987  a sample  of  Hersiliidae  was  collected 
mainly  in  the  southwestern  corner  of  Western  Australia,  but  also  as  far  north  as 
Ashburton  River  south  of  Hamersley  Range.  Apart  from  several  additional  records  of 
the  recently  described  species  Tamopsis  perthensis  Baehr  & Baehr  and  T.  occidentalis 
Baehr  & Baehr  and  of  some  indeterminable  juvenile  specimens,  three  new  species  were 
discovered.  Their  description  is  regarded  a second  supplement  to  our  recent  revision  of 
the  Australian  Hersiliidae  ( Baehr  & Baehr  1987).  Descriptions  and  measurements  were 
taken  as  indicated  previously  (Baehr  & Baehr  1987,  1988).  Eye  ratio  was  taken  in  the 
following  order:  AME  : ALE  ; PME  : PEE.  The  holotypes  of  all  three  species  are 
deposited  in  the  Western  Australian  Museum. 


Abbreviations 


ALE 

anterior  lateral  eye 

AME 

anterior  median  eye 

bS 

basal  segment  of  posterior  lateral  spinneret 

CBM 

Collection  B.  Baehr,  Munchen 

LB 

total  length  of  body 

LL 

total  length  of  legs 

RLE 

posterior  lateral  eye 

RES 

posterior  lateral  spinneret 

RME 

posterior  median  eye 

tS 

terminal  segment  of  posterior  lateral  spinneret 

WAM 

Western  Australian  Museum,  Perth 

1 

1st  leg 

II 

2nd  leg 

III 

3rd  leg 

IV 

4th  leg 

*Zoologische  Slaatssammlung,  Munchhausenstr.  21,  D-8000  MUnchen  60,  F.R.G. 
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Systematics 

In  our  revision  of  the  Australian  Hersiliidae  all  known  species  were  transferred  from 
Chalinura  or  Tama,  respectively,  to  a new  genus  Tamopsis.  Except  for  the  singular 
Hersilia  australiensis  Baehr  & Baehr,  all  other  Australian  Hersiliid  species  are  now 
included  in  this  genus.  As  the  three  species  described  herein  belong  also  to  Tamopsis,  a 
generic  diagnosis  is  not  needed.  Most  important  differentiating  characters  for  species 
are  still  structure  of  male  palpus  and  of  female  epigyne  and  vulva. 


Tamopsis  nanutarrae  sp.  nov. 

(Figures  I,  2,  9) 

Holotype 

Male.  W.A.  Ashburton  River  at  Nanutarra  Roadhouse,  3 November  1987,  M.  Baehr  (W  AM  88  1428). 

Diagnosis 

Small  species  with  high  eye  area,  large  AME,  and  fairly  elongate  legs,  recognized  by 
male  palpus  with  simple,  only  slightly  excised  apex  of  lateral  apophysis  and  median 
apophysis  without  marginal  hook,  but  with  unique,  strongly  folded  and  incised  median 
lamella. 

Description 

Measurements:  Length  3.05  mm;  cephalothorax  length;  1.35  mm;  width:  1.35  mm; 
abdomen  length:  1.70;  width:  1.28  mm.  Legs;  1:  10.56  mm,  II:  9.36  mm.  III:  3.64  mm, 
IV:  8.82  mm:  ratio:  1:0.89:0.34:0.84.  Ratio  LB/ LL:  0.29.  F^LS  length:  1 .44  mm;  bS:  0.46 
mm;  tS:  0.98  mm,  Eye  ratio:  1:0.30:0.69:0.81. 

Colour:  Cephalothorax  dark  yellowish,  eye  area,  middle  of  clypeus,  and  anterior 
surface  of  chelicerae,  lateral  border,  and  some  radial  spots  brown.  Abdomen  whitish, 
laterally  and  posteriorly  slightly  mottled,  lateral  borders  and  a lancet-shaped  median 
stripe  dark.  Ventral  surface  light.  Legs  yellowish,  femora  on  outer  and  inner  surface 
with  a dark  stripe.  Spinnerets  without  distinct  pattern. 

Cephalothorax:  Circular,  c.  as  wide  as  long,  and  as  wide  as  abdomen.  Eye  area 
strongly  raised,  clypeus  c.  as  high  as  eye  area.  AME  by  far  largest,  RLE  rather  larger 
than  PME.  Distance  AME  AME  and  distance  AME  ALE  less  than  diameter  of 
AME.  Distance  PME  PME  c.  half  of  diameter  of  PME,  distance  F^ME  PLE  slihtly 
greater  than  diameter  of  PLE.  Chelicerae  almost  twice  as  long  as  wide.  Sternum 
pentagonal,  hirsute. 

Abdomen:  Elongate,  rather  parallel,  much  longer  than  wide  and  c.  as  wide  as 
cephalothorax.  Dorsally  with  five  pairs  of  circular  muscular  pits.  Ventral  muscular  pits 
in  a narrow  v-shaped  arrangement.  PLS  considerably  shorter  than  abdomen,  tS 
comparatively  short. 

Legs:  Measurements  see  above.  Moderately  elongate.  111  rather  elongate. 

Palpus:  Median  apophysis  contorted,  apex  widened,  with  wide,  membraneous  area 
within.  Lateral  rim  of  apex  without  any  hook-like  process,  simply  bordered.  Within 
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membraneous  area  a strongly  sclerotized,  contorted,  and  apically  excised  process 
directed  outwards.  Lateral  apophysis  slightly  contorted,  apex  simply  excised,  embolus 
hidden. 

Female:  Unknown. 


Figures  1 and  2.  Tamopsis  nanutarrae  sp.  nov.  Holotype.  Male  palpus.  1.  ventral  view,  2.  lateral  view. 
Scale:  0.5  mm.  See  abbreviations  p.  for  Figure  2. 


Etymology 

Derived  from  the  type  locality. 

Distribution 

Thus  far  known  from  type  locality  only,  central  western  part  of  Western  Australia. 

Habits 

Caught  from  bark  ol  river  eucalypt  (Eucalyptus  camaldulensis)  near  the  bed  of 
Ashburton  River  within  spinifex  semi-desert,  together  with  T.  occidentalis  Baehr  & 
Baehr.  Like  this  species,  T.  nanutarrae  lives  in  small  hollows  or  crevices  on  the  whitish 
bark  of  river  eucalypts,  where  detection  is  extremely  difficult.  While  specimens  of  T. 
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occidentalis  at  this  locality  were  seen  to  eat  ants,  T.  nanutarrae  (the  holotype)  was 
observed  by  the  second  author  to  have  caught  another  spider  (presumably  a Theridiid). 

Relationships 

The  high  eye  area  as  well  as  shape  of  lateral  apophysis  of  male  palpus  with  hidden 
embolus  suggest  relationship  of  T.  nanutarrae  with  the  tropica-growp  of  the  revision 
(Baehr  & Baehr  1987).  Lack  of  a scopula-like  organ  and  of  the  hook-like  process  on  the 
rim  of  the  median  apophysis,  however,  demonstrate  the  rather  primitive  status  of  T, 
nanutarrae  and  preclude  its  inclusion  in  the  iropica-gvonp.  The  peculiar  median 
process  within  the  apex  of  the  median  apophysis  is  a strong  apomorphic  character  of 
this  species,  not  known  in  any  other  species.  Hence,  T.  nanutarrae  is  certainly  very 
closely  related  to  the  tropica-group,  but  merits  the  erection  of  an  own  group. 

Identification 

For  identification  the  key  to  species  in  our  revision  (Baehr  & Baehr  1987)  should  be 


altered  as  following: 

Couplet  13(4):  after  ‘'(Figs  27,  29)”  add:  “or  hidden  in  LA 13a.” 

Then  add:  “ I3a(  1 3).  Apex  of  embolus  hidden  in  LA.  Apex  of  M A 
with  a peculiar,  excised,  projecting  process  within,  without  a 
hooked  process  on  lateral  rim.  Northwestern  Australia  south  of 

Great  Sandy  Desert nanutarrae,  sp.  nov. 

Apex  of  embolus  freely  projecting  beyond  LA.  Apex  of  MA 
without  a projecting  process  within,  but  with  a hooked  process  on 
lateral  rim  14” 


Tamopsis  marri  sp.  nov. 

(Figures  3,  4,  5,  6,  9) 

Holotype 

Male.  W.A..  Stirling  Range  Nat.  Pk.,  North  border,  28  November  1987,  M.  & B.  Baehr  (WAM 
88  1429). 

Paratypes 

I male.  4 females.  4 cocoons,  same  locality,  same  data  (CBM);  1 male,  3 females,  W.  A..  Boyup  Brook, 
Town  park.  23  November  1987.  M.  & B.  Baehr  (WAM  88  1430.  CBM). 

Diagnosis 

Medium-sized  species  with  high  eye  area,  large  A ME,  and  elongate  legs,  recognized 
by  male  palpus  with  median  apophysis  with  strong  hook-like  process  and  high  lateral 
rim,  and  apex  of  lateral  apophysis  with  two  deep  incisions,  and  by  female  vulva  with 
median  receptaculum  seminis  larger  than  lateral  and  with  a sclerotized  median  bridge. 

Description 

MALE  HOLOTYPE 

Measurements:  Length:  4,2mm;  cephalothorax  length:  L68mm;  width:  L56mm; 
abdomen  length:  2.44mm;  width:  1.72  mm.  Legs:  I:  14.44mm,  II:  13. 66mm,  III: 
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4.44mm,  IV:;  12.86mm.  Ratio:  1:0.94:0.31:0.89.  Ratio  LB/LL:  0.29.  PLS  length: 
2.20mm;  bS:  0.56mm;  tS:  1.65mm.  Eye  ratio:  1:0.31:0.68:0.79. 

Colour:  Light  reddish  with  anterior  part  of  eye  area,  lateral  border  of  cephalothorax 
and  some  radial  spots  piceous.  Abdomen  strongly  mottled,  with  conspicuous  lancet- 
shaped  stripe  dark.  Ventral  surface  whitish.  Legs  light,  with  indistinct  dark  stripe  on 
inner  and  outer  surface  of  femora.  Basal  segment  of  palpus  with  a dark  spot  on  inner 
and  outer  surface  each,  terminal  segment  anteriorly  black  with  a conspicuous  yellow 
spot.  PLS  with  two  rather  inconspicuous  dark  rings. 

Cephalothorax:  Circular,  slightly  longer  than  wide,  almost  as  wide  as  abdomen.  Eye 
area  strongly  raised,  clypeus  almost  as  high  as  eye  area.  AME  by  far  largest,  PLE  larger 
than  PME.  Distance  AME/AME  slightly  less  than  diameter  of  AME,  distance 


Figures  3 and  4.  Tamopsis  marri  sp.  nov.  Holotype.  Male  palpus.  3.  ventral  view,  4.  lateral  view.  Scal( 
0.5  mm. 


313 


Three  new  Tamopsis 


5 


6 

Figure  5.  Tamopsis  marri  sp.  nov.  Female  epigyne.  Scale:  0.5  mm. 

Figure  6.  Tamopsis  marri  sp.  nov.  Female  vulva.  Scale;  0.25  mm. 

AME;  ALE  c.  half  of  diameter  of  AME.  Distance  PME,  PME  c.  3 4 of  diameter  of 
PME,  distance  PME  PEE  considerably  larger  than  diameter  of  PEE.  Chelicerae  c. 
twice  as  long  as  wide.  Sternum  pentagonal,  hirsute. 

Abdomen:  Elongate,  much  longer  than  wide,  slightly  ovoid.  Dorsally  with  five  pairs  of 
circular  muscular  pits.  Ventral  muscular  pits  in  a narrow  v-shaped  arrangement.  PLS 
shorter  than  abdomen,  tS  moderately  elongate. 
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Legs:  Measurements  see  above.  Rather  elongate,  III  moderately  elongate. 

Palpus:  Median  apophysis  strongly  contorted.  Apex  with  a large  membraneous  area 
and  a scopula-like  organ  within.  Ventral  border  with  strong,  overhanging  tooth-like 
process,  lateral  rim  high,  lamelliform.  Lateral  apophysis  also  contorted,  apex  with  two 
deep  incisions,  the  lateral  one  conspicuously  circular. 

FEMALE  PARATYPE  (WAM  88/ 1430) 

Measurements:  Length:  5.56  mm;  cephalothorax  length:  2.08  mm;  width;  2.04 
mm;  abdomen  length:  3.40  mm;  width:  2.56  mm.  Legs:  1:13.40  mm,  II:  12.96 
mm.  111;  4.48  mm,  IV:  11.48  mm.  Ratio:  1:0.96:0.33:0.88.  Ratio  LB/LL:  0.41. 
PLS  length:2.28  mm;  bS:  0.64  mm;  tS;  1.64  mm.  Eye  ratio:  1:0.32:0.70:0.78. 

Colour:  Similar  as  in  male,  but  legs  and  palpi  distinctly  annulate. 

Cephalothorax:  Circular,  almost  as  wide  as  long,  much  narrower  than  abdomen. 
Clypeus  as  high  as  eye  area.  Size  of  eyes  and  distances  between  them  quite  similar  to 
male. 

Abdomen:  Considerably  wider  than  cephalothorax,  though  much  longer  than  wide. 
Arrangement  of  dorsal  and  ventural  muscular  pits  as  in  male.  PLS  slightly  shorter  in 
relation  to  abdomen  than  in  male. 

Legs:  Measurements  see  above.  Shorter  than  in  male,  HI  relatively  longer. 

Epigyne:  Laterally  with  large  opening,  covered  by  a small  plate.  Most  probably  the 
hook-like  processes  of  medial  apophyphysis  of  male  are  locked  into  these  openings 
during  mating. 

Vulva:  With  two  receptacula  seminis  and  a basal  bulbus.  Inner  receptaculum  larger  and 
with  globular  apex.  Basal  bulbus  glandular.  Introductory  ducts  medially  coiled,  both 
ends  processed  back  and  outwards,  respectively.  Vulva  anteriorly  with  a sclerotized, 
medially  interrupted  bar. 

Cocoon:  A circular,  much  depressed,  whitish  plate  without  any  peculiar  surface 
structure,  attached  to  the  bark  of  trees,  watched  by  the  female. 

Variation:  Some  variation  ot  size  noted,  one  female  6.3  mm  long,  otherwise  rather 
similar,  only  pattern  in  some  specimens  more  vivid. 

Entymology 

Halludes  to  the  Marri  tree  (Eucalyptus  calophylla)  on  which  it  was  found. 

Distribution 

Southwestern  corner  of  Western  Australia. 

Habits 

Caught  from  bark,  especially  in  small  hollows,  of  Marri  ( Eucalyptus  calophylla),  where 
it  lives  in  the  same  way  as  T.  occidentalis  (Baehr  & Baehr  1987). 
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Relationships 

Highly  evolved  species  of  the  //*6>/;/cfl-group(Baehr  & Baehr  1987),  extremely  closely 
related  to  T.  occidentalis  Baehr  & Baehr  (presumably  the  sister  species)  and  perhaps 
also  to  T.  pseudocircumvidens  Baehr  & Baehr.  Distinguished  from  T.  occidentalis  by 
minor  differences  of  male  palpus  and  female  genitalia:  Median  apophysis  of  T.  marri 
with  scopula-Iike  organ  slightly  smaller,  overhanging  tooth  larger,  and  lateral  rim  more 
lamelliform.  Lateral  excision  of  lateral  apopohysis  conspicuously  circular.  Median 
receptaculum  of  female  longer  than  lateral,  and  introductory  duct  much  more  coiled 
and  bent  outwards.  The  relationships  with  T.  pseudocircumvidens  txre.  more  obscure, 
because  the  male  of  this  species  is  still  unknown.  The  female  vulva,  however,  is  rather 
similar  and  differs  only  in  the  more  coiled  introductory  ducts  of  T.  marri.  Females  of  T. 
marri  are  also  generally  larger  and  lack  the  conspicuous  dark  and  white  pattern  of 
clypeus  present  in  T.  pseudocircumvidens.  Anyway,  with  regard  to  the  male  palpus,  T. 
marri  is  one  of  the  most  highly  evolved  species  of  the  fropica-group,  with  exception  of 
T.  fitzroyensis  Baehr  & Baehr  and  the  following  species. 

Identification 

For  identification  the  key  to  species  in  our  revision  (Baehr  & Baehr  1987)  should  be 
altered  as  following: 

Couplet  18.  Instead  of  “North-western  Australia”  add  “Western 
Australia  . . cancel  '"occidentalis,  sp.  nov.”,  add  “1 8a.” 

Then  add:  “18a(!8)  LA  without  any  excisions,  but  with  a 

conspicuous  spine  at  apex.  South-western  Australia mallee,  sp.  nov. 

LA  with  excisions  at  apex,  without  such  a spine 18aa. 

18aa(  18a)  LA  with  a deep  median  and  a narrow  lateral  excision. 

Lateral  rim  of  MA  rather  low.  Mid  western  Australia  south  of 

Great  Sandy  Desert occidentalis  Baehr  & Baehr 

LA  with  less  deep  median  and  a conspicuously  circular  lateral 
excision.  Lateral  rim  of  MA  high,  lamelliform.  South-western 

Australia marri,  sp.  nov.” 

Couplet  36(35)  cancel  “pseudocircumvidens,  sp.  nov.”,  add 
“36a”. 

Then  add  “36a(36)  Introductory  duct  basally  coiled.  South- 
western Australia  pseudocircumvidens  Baehr  & Baehr 


Tamopsis  mallee  sp.  nov. 

(Figures  7,  8,  9) 


Holotype 

Male,  W.A..  50  km  s.  of  Norseman,  10  November  1987,  M.  Baehr  {WAM  88  1431). 
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Diagnosis 

Medium-sized,  dark  species  with  high  eye  area,  very  elongate  legs,  and  large  AME, 
distinguished  by  male  palpus  apically  without  distinct  excision  on  lateral  apophysis, 
but  with  a conspicuous  rearward  spine. 

Description 

Measurements:  Length;  3.88mm;  cephalothorax  length:  1.76mm;  width:  1.64mm; 
abdomen  length:  2.08mm;  width  1.72mm.  Legs:l:  15.92mm,  II:  15.08mm,  III:  4.80mm, 
IV:  14.28mm.  Ratio:  l:0.95:/3.30:0.90.  Ratio  LB/LL:  0.24.  PLS  length:  1.76mm;  bS; 
0.52mm;  tS:  1.24mm.  Eye  ratio:  L:0.3;0.58;0.78. 

Colour:  Cephalothorax  rather  dark,  only  centre  yellow  and  lateral  parts  of  clypeus 
indistinctly  yellowish.  Eye  area  darkest.  Abdomen  strongly  mottled,  with  clearly 
delimited  lancet-shaped  stripe  and  less  well  delimited  lateral  stripes.  Sternum  and 
ventral  surface  of  abdomen  in  parts  greyish.  Palpi  and  legs  strongly  annulate.  Terminal 


Figures  7 and  8.  Tamopsis  mallee  sp.  nov.  Holotype.  Male  palpus.  7.  ventral  view,  8.  lateral  view.  Scale: 
0.5  mm. 
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segment  of  palpi  anteriorly  dark  with  conspicuous  yellow  spot.  PLS  laterally  streaked 
with  black  and  with  a black  subapical  ring. 

Cephalothorax:  Circular,  slightly  longer  than  wide,  c.  as  wide  as  abdomen.  Eye  area 
very  high,  clypeus  almost  as  high  as  eye  area.  AME  very  large,  by  far  largest.  PEE 
considerably  larger  than  PME.  Distance  AME/ AME  only  half  of  diameter  of  AME, 
distance  AME/  ALE  c.  similar.  Distance  PME/  PME  c.  as  great  as  diameter  of  PME, 
distance  PME/PLEc.  1 1 / 4 of  diameter  of  PLE.  Cheliceraec.  twice  as  long  as  wide. 
Sternum  pentagonal,  hirsute. 

Abdomen:  Elongate,  much  longer  than  wide.  Dorsally  with  five  pairs  of  circular 
muscular  pits.  Ventral  muscular  pits  in  a narrow  v-shaped  arrangement.  PLS 
considerably  shorter  than  abdomen,  tS  rather  short. 

Legs:  For  measurements  see  above.  Very  elongate,  HI  rather  short. 

Palpus:  Elongate  and  narrow.  Median  apophysis  with  large  membraneous  area  at  apex 
and  a fairly  large  scopula-like  organ  within.  Hook-shaped  process  on  rim  of  median 
apophysis  large  and  very  wide.  Lateral  rim  sharp,  rather  lamelliform.  Lateral  apophysis 
narrow,  elongate,  not  much  contorted.  Apex  narrow,  both  excisions  closed  by 
membranes,  lateral  excision  very  narrow.  With  a conspicuous  spine  on  rear  part  of 
apex. 

Female:  Unknown. 

Entymology 

Alludes  to  the  mallee  form  of  Eucalyptus. 

Distrubution 

Known  only  from  type  locality  in  the  interior  of  south-western  Australia. 

Habits 

The  unique  specimen  was  caught  by  beating  large  branches  of  mallee  eucalypts  in  a 
stand  of  dense,  high  mallee.  The  specimen  was  found  amongst  large  pieces  ot  bark 
fallen  into  the  umbrella. 

Relationships 

7'.  mallee  is  another  highly  derived  species  of  the  tropica-gvon^.  Perhaps  it  is  most 
closely  related  to  T fitzroyensis  Baehr  & Baehr,  which  possesses,  however,  much  more 
striking  apomorphic  characters  in  the  male  palpus  than  T.  mallee.  The  almost  closed 
lateral  excision  of  lateral  apophysis  is  presumably  a synapomorphic  character  state  of 
both  species.  Otherwise,  T.  mallee  is  rather  similar  to  T.  occidentalis  and  is 
distinguished  from  this  species  mainly  by  the  different  apex  of  the  lateral  apophysis  ol 
male  palpus,  whereas  the  median  apophysis  is  rather  similar.  As  the  temale  ot  T.  mallee 
is  still  unknown,  nothing  can  be  said  on  the  relationship  with  T.  pseudocircumvidens 
Baehr  & Baehr.  1 n several  external  characters  both  species  seem  fairly  similar  and  they 
occur  in  the  same  area,  the  interior  of  south-western  Australia.  It  is  possible,  therefore, 
that  T.  mallee  and  T.  pseudocircumvidens  are  identical  species,  but  the  decision  must 
await  the  discovery  of  both  sexes  in  the  same  locality. 
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Identilication 

See  under  T,  marri  sp.  nov. 


figure  9 Distribution  of  Tamopsis  nanutarraesp.  nov.;  M,  T marh'^p.  nov.:  •,and  T malleesp.  nov 


Collecting  records  of  other  species 
Tamopsis  perthensis  Baehr  & Baehr 

Baehr  & Baehr.  1987,  p.  386. 

I male,  W.A.  Stirling  Range  Nat.  Pk.,  North  border,  28  November  1987,  M.  & B. 
Baehr  (CBM);  I female,  W.A.,  2 km  n.  of  North  border  of  Stirling  Range  Nat.  Pk.,  28 
November  1987,  M.  & B.  Baehr  (CBM). 

Both  records  are  from  the  most  easterly  part  of  range  of  this  species,  and  both 
specimens  were  from  the  bark  of  Marri  eucaiypt. 

Tamopsis  occidentalis  Baehr  & Baehr 

Baehr  & Baehr.  1987.  p.  387. 

I female,  2 juveniles,  W.  A.,  Wooramel  River  at  Wooramei  Roadhouse,  I November 
1 987,  M.  Baehr  (CBM);  I female,  W.  A.,  Gascoyne  River,  1 5 km  n.  of  Carnarvon,  2 
November  1987,  M.  Baehr  (CBM);  2 males,  2 females,  I juvenile,  W.A.,  Ashburton 
River  at  Nanutarra  Roadhouse,  3 November  1987,  M.  Baehr  (CBM). 
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The  record  from  Wooramel  River  extends  the  range  of  this  species  to  the  south. 
Nevertheless,  this  is  still  a dry  country  species  which  has  been  found  mostly  on  river 
eucalypt. 


Remarks 

All  three  new  species  belong  to  or  are  very  closely  related  to  the  tropica-grou^  the 
largest,  most  homogenous,  and  perhaps  most  evolved  subunit  of  the  genus  Tamopsis 
(Baehr&  Baehr  1987).  Whereas  T is  very  primitive,  in  some  characters  yet 

more  primitive  than  T.  tropica  Baehr  & Baehr,  T.  marri  and  T.  mallee  are  highly 
evolved.  Both  are  rather  related  to  T.  occidentalis  Baehr  & Baehr  and  differ  only  in 
minor  details  of  male  and  female  genitalia. 

With  the  discovery  of  these  new  species  it  becomes  more  evident  that  south-western 
Australia  is  an  important  centre  of  evolution  within  the  genus  Tamopsis.  This  is  true, 
however,  only  for  the  tropica-gvou^  and  its  nearest  allies.  If  our  opinion  is  right  that  T. 
marri  is  the  sister  species  of  T occidentalis  and  that  T mallee  is  still  more  evolved 
than  the  latter  species,  then  our  thoughts  on  the  evolution  of  the  Western  Australian 
species  expressed  in  our  revision  (Baehr  & Baehr  1987)  must  be  slightly  altered.  The 
zoogeographical  events  seem  to  have  been  less  simple  than  we  thought,  because  both 
new  species  occur  south  or  southeast  of  the  range  of  T occidentalis,  and  the  character 
evolution  did  not  take  place  in  a simple  single-track  direction,  but  there  must  have  been 
multiple  events  in  South-western  Australia,  where  now  perhaps  six  different  species  of 
the  tropica-gxon^,  all  highly  evolved,  are  known  to  occur. 

All  species  of  central  and  southern  Western  Australia  are  apparently  very  closely 
related.  This  applies  certainly  to  those  species  with  known  males:  T perthensis  Baehr  & 
Baehr,  T occidentalis  Baehr  & Baehr,  T /namsp.  nov.,  T.  mallee  nov.,  but  perhaps 
also  to  T.  pseudocircumvidens  Baehr  & Baehr  and  T rossii  Baehr  & Baehr  which  are 
known  only  as  females.  Hence,  evolution  and  differentiation  of  species  must  have  been 
very  recent  events,  in  some  cases  perhaps  not  earlier  than  in  the  last  interglacial,  when 
dry  corridors,  perhaps  yet  drier  than  today,  opened  between  different  areas  of  the 
central-western  and  south-western  part  of  Western  Australia. 
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A new  species  of  gall-forming  coccoid  (Insecta:  Homoptera: 
Eriococcidae)  from  Western  Australia 

PJ,  Gullan*  and  M.G.  Jones* 


Abstract 

The  adult  female,  the  galls  of  the  adult  female  and  the  adult  male,  and  the  first  instar  nymph 
of  Apioniorpha  ponwphora  sp.  nov.  are  described  and  illustrated.  The  species  is  found  on 
mallee  eucalypts  in  the  Irwin  Botanical  District  of  Western  Australia. 


Introduction 

The  gall-forming  coccoid  genus  Apiomorpha  Riibsaamen  (Homoptera:  Eriococcidae) 
has  been  revised  by  Gullan  (1984a)  who  records  13,  or  possibly  14,  species  from 
Western  Australia.  All  occur  in  south-west  Western  Australia  south  of  30*^5  except  for 
A.  cucurbita  Fuller  which  has  been  recorded  only  from  the  Kimberley  region.  This 
paper  describes  a new  species  of  Apioniorpha,  A.  pomaphora,  which  forms  galls  on 
two  species  of  mallee  eucalypts  near  Watheroo,  Eneabba  and  Kalbarri  in  the  Irwin 
Botanical  District  ( Beard  1980)  which  encompasses  the  western  part  of  the  Bencubbin 
Botanical  Region  ( Barlow  1 985).  This  is  the  first  record  of  an  Apiomorpha  species  from 
this  area  of  Western  Australia. 

Apiomorpha  pomaphora  belongs  to  the  malleeacola  species-group  (Gullan  1984a) 
which  contains  only  one  species.  A,  malleeacola  Gullan,  from  mallee  eucalypts  in 
north-west  Victoria,  south-west  South  Australia,  south-central  Northern  Territory  and 
south-west  Western  Australia. 

This  paper  describes  and  illustrates  the  adult  female,  the  first  instar  nymph  and  the 
galls  of  the  adult  female  and  adult  male  of  A.  pomaphora. 


Methods 

The  preservation,  slide-mounting,  mensural  and  illustrative  methods  of  Gullan  ( 1984a) 
were  employed.  The  morphological  terminology  of  Gullan  (1984a)  and  Williams 
( 1985b)  was  used  for  the  descriptions,  however,  the  system  for  numbering  abdominal 
segments  requires  clarification.  If  the  body  segments  of  Apiomorpha  are  numbered 
according  to  the  accepted  convention  of  placing  the  vulva  between  the  seventh  and 
eighth  abdominal  segments  (Miller  1984;  Williams  1985a,  b),  then  the  anteriormost 
complete  abdominal  segment  is  the  third  on  the  venter  and  the  second  on  the  dorsum, 
and  the  anal  lobes  are  on  segment  nine  (as  in  Gullan  1984a).  This  contrasts  with  the 
condition  now  recognised  for  eriococcids,  in  which  the  anteriormost  complete 
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abdominal  segment  is  the  second  ventrally  and  the  first  dorsally,  and  the  anal  lobes  are 
on  the  eighth  segment  (Williams  1985b).  This  apparent  contradiction  is  reconciled  if  the 
position  of  the  vulva  in  Apiomorpha  is  considered  to  be  labile.  If  the  numbering  system 
of  Williams  (1985b)  is  employed,  the  vulva  in  most  Apiomorpha  species  lies  between 
abdominal  segments  six  and  seven,  but  in  some  (e.g.  A.  duplex  (Schrader):  Figure  4, 
Gullan  1984a)  it  lies  near  the  anterior  margin  of  segment  seven  and  in  A.  karschi 
Rubsaamen  (Figure  22,  Gullan  1984a)  it  is  found  on  the  anterior  margin  of  segment  six. 
Displacement  of  the  vulva  anteriorly  in  Apiomorpha  may  have  resulted  from  the 
female's  use  of  the  abdominal  apex  as  a plug  for  the  gall  orifice  (Gullan  1984b).  In  the 
present  paper,  the  segments  are  numbered  according  to  the  system  of  Williams  (1985b) 
with  the  anal  lobes  on  segment  eight. 

Structural  variation  was  recorded  as  the  range.  Each  figure  represents  a generalised 
individual  based  on  all  of  the  specimens  specified  in  the  description.  WAM  denotes 
Western  Australian  Museum,  Perth.  ANIC  denotes  the  Australian  National  Insect 
Collection,  CSIRO,  Canberra. 


Systematics 

Apiomorpha  pomaphora  sp.  nov. 

Figures  1-5 

Holotype 

WAM  (89  3),  adult  $ slide-mounted,  ex  associated  gall  on  stem  of  Eucalyptus  euclesmiuicies  F.  Muell. 
sensu  lato,  c.  15  km  ENE  of  Kalbarri,  Kalbarri  National  Park.  Western  Australia,  22  August  1987,  P.J. 
Gullan. 

Paratypes 

WAM  (89  4-6),  3 adult  $9  slide-mounted  and  associated  galls,  same  data  as  holotype;  WAM  (89  7),  1 
adult  9 slide-mounted,  ex  associated  gall  on  stem  of  Eucalyptus  gittinsii  Brookcr  et  Blaxell,  Brand 
Highway,  c.  30  km  S of  Eneabba,  Western  Australia,  21  August  1987,  C.  A.M.  Reid;  WAM  (89  8),  I adult 

9 slide-mounted,  ex  associated  gallon  stem  of  E.  euclesmioicles  F.  Muell.. smsw/i^/o.  off  Eagle  Hill  Road,  c. 

10  km  NW  of  Waiheroo,  W'atheroo  National  Park.  Western  Australia.  23  August  1987,  P.J.  Gullan; 
ANIC.  2 adult  99  slide-mounted  and  associated  galls,  same  data  as  holotype. 

Other  material  examined 

Five  slide-mounts  of  first  instar  nymphs(3  in  WAM,  2 in  ANIC),  2adult  9$  ^nd  additional  first  instar 
nymphs  in  alcohol  (ANIC),  additional  galls  of  99  <5(5  (W  A M ).  same  data  as  holotype;  2 slide-mounts 

of  first  instar  nymphs  and  additional  nymphs  in  alcohol,  galls  of  SS  (WAM),  r.  30  km  S of  Eneabba, 
Western  Australia;  3 additional  galls  of  99  (WAM),  c.  10  km  NW  of  Watheroo,  Western  Australia. 

Diagnosis 

The  adult  female  of  A.  pomaphora  can  be  distinguished  from  those  of  other 
Apiomorpha  species  by  the  following  combination  of  characters:  abdomen 
curvilinearly  tapered  to  base  of  anal  lobes;  abdominal  segment  VIII  (IX  of  Gullan 
( 1984a))  longer  ventrally  than  dorsally;  apex  of  each  anal  lobe  bifurcate  (terminating  in 
2 spine-like  processes)  and  with  2-3  spine-like  setae  but  no  hair-like  setae  on  apical  half 
of  each  lobe;  spine-like  setae  ventrally  on  at  least  last  3 abdominal  segments  and 
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dorsally  on  abdominal  segments  l-VI!  or  ll-VII  only;  multilocular  pores  scattered  over 
body  but  densely  clustered  only  on  abdominal  segments  Ill-V  dorsally  and  lll-VI! 
ventrally. 

The  adult  female  of  A.  pomaphora  can  be  distinguished  readily  from  that  of  A. 
malleeacola  in  possessing  spine-like  setae  on  the  venter  of  the  posterior  abdominal 
segments  but  lacking  spine-like  setae  almost  entirely  on  the  dorsum  of  the  head  and 
thorax,  and  lacking  transverse  bands  of  multilocular  pores  on  the  dorsum  of 
abdominal  segments  I,  II  and  VI  and  the  venter  of  the  anterior  abdominal  segments. 

The  mature  gall  of  the  adult  female  is  ellipsoidal  to  ovoid  and  can  be  distinguished 
from  the  ovoid  galls  of  some  other  Apiomorpha  species  by  its  truncate  apex  produced 
by  the  deflection  or  detachment  of  the  pointed  cap  or  operculum.  The  gall  of  the  adult 
female  A.  malleeacola  is  mostly  ovoid  with  an  acute  to  obtuse  apex  and  lacks  the 
distinctive  operculum  found  apically  on  the  gall  of  the  female  of  A,  pomaphora. 

Description 

Adult  female  on  8 slide-mounted  specimens,  Figure  1) 

Body9.1-\b.l  mm  long,  5. 0-9.4  mm  wide.  Abdomen  curvilinearly  tapered  to  base  of 
anal  lobes.  Integument  of  mature  specimens  membranous  except  for  anal  lobes  and 
posterior  abdominal  segments,  especially  medially.  Antennae  160-230  pm  long, 
segmentation  indistinct.  Apex  with  5 or  6 stout,  long  (20-40  ^um)  fleshy  setae  and  1 or  2 
slender,  shorter  ( 1 5-20  ^tm)  fleshy  setae.  Total  of  4-6  hairlike  setae,  1 5-90  ^tm  long,  with 
1-4  on  segment  I,  total  of  1-4  on  remainder.  Labium  170-200  pm  long,  210-230  ^tm 
wide.  Legs  with  many  hair-like  setae  on  coxa  and  anterior  part  of  femur.  Forelegs 
750-1000  pm  long;  tarsal  claw  distinct.  Middle  legs  1200-1460  pm  long;  tarsal  claw 
small  but  distinct.  Hind  legs  1350-1650  pm  long;  pustules  on  coxa  and  medial  side  of 
femur;  tarsal  claw  small  but  distinct.  Spiracles  of  synlabiate  type.  Mesothoracic 
spiracles  250-400/im  long,  160-250  pm  wide.  Metathoracic  spiracles  320-380  pm  long, 
220-280  ^im  wide.  Abdominal  segment  V///  lightly  to  moderately  sclerotiscd,  longer 
ventrally  than  dorsally,  greater  than  twice  length  of  anal  lobes,  850-980  /zm  wide,  with 
3-9  spine-like  setae  ventrally.  Anal  lobes  moderately  sclerotised,  420-520  pm  long, 
slightly  divergent  apically,  tapering  until  near  apex.  Each  apex  terminating  in  2 
subequal  spine-like  processes,  20-35  pm  long;  apical  half  of  each  lobe  with  2-3  (usually 
2:  I on  lateral,  1 on  medial  margin)  spine-like  setae,  30-50  pm  long.  Hair-like  setae, 
220-400  ^tm  long,  mostly  confined  to  ventral  outer  surface  of  lobes.  Anal  ring  1 50-180 
pm  in  diameter,  concealed  within  ventral  invagination  160-200  pm  in  diameter,  with 
30-40  ring  setae,  300-400  pm  long. 

Venter  v^\{h  spine-like  setae,  50-130  pm  long,  cither  singly  or  in  a row  extending  from 
posterolateral  margin  on  each  side  of  abdominal  segments  V-VII  and  in  an  arc  or 
inverted-V,  interrupted  medially,  on  VIII;  total  number  per  segment  as  follows:  0-2 
(mostlyO,  50-70 /Ltm  long)  on  V:  3-13  (50-1 10 /.tm  long)  on  VI;  1 5.27  (70-1 30  long)  on 
VII;  3-9  (80-120  /i^n  long)  on  VIH.  Hair-like  setae  on  all  body  segments,  30-600  pm 
long,  longest  near  spine-like  setae  on  posterior  abdominal  segments.  Multilocular  disc 
pores  absent  from  head,  scattered  on  thorax,  in  lateral  clusters  on  abdominal  segments 
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Adult  female  of  Apiomorpha  pomaphora  sp.  nov.  Scale  line.  I mm. 


Figure  1 
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II-V,  clusters  denser  on  posterior  segments  with  some  pores  sparsely  scattered  across 
each  segment,  densely  clustered  across  Vl-VII,  and  scattered  anteriorly  on  VIll;  pores 
of  8-17  locules  present,  15-locular  pores  predominant  on  head  and  thorax,  1 1-  and 
13-locular  predominant  on  abdomen. 

Dorsum  with  spine-like  setae,  30-160  fxm  long,  usually  singly  or  in  discontinuous 
row  on  thoracic  segment  111  and  abdominal  segment  I,  in  discontinuous  row  on 
abdominal  segment  II  and  in  regular  row  on  each  of  abdominal  segments  Ill-VII, 
absent  from  head,  thoracic  segments  I and  II  and  abdominal  segment  Vlll;  setae 
distributed  as  follows:  0-4  (30-40  ^um  long)  on  thoracic  segment  111;  and  on  abdominal 
segments:  0-6(35-65  /xm  long)  on  I;  3-13  (40-70  ^m  long)  on  11;  8-18  (50-100  /xmlong) 
onlll;  15-27(60-120  long)  on  IV;  18-34(50-140  ^m  long)  on  V;  20-33  (70-160  fxm 
long)  on  VI;  13-26  (90-150  fxm  long)  on  VII.  Hair-like  setae  on  all  body  segments, 
60-700  ^tm  long,  longest  near  spine-like  setae  on  posterior  abdominal  segments. 
Multilocular  disc  pores  absent  from  head,  sparsely  scattered  near  lateral  and/or 
anterior  and  posterior  margins  of  thoracic  segments  and  abdominal  segments  1 and  II, 
in  dense  band  on  anterior  half  of  abdominal  segments  Ill-V,  near  lateral  margins  of  VI 
and  VII,  absent  from  VIll;  pores  of  10-17  locules  present,  15-locular  pores 
predominant  on  head  and  thorax,  13-locular  pores  predominant  on  abdomen. 

First  instar  nymph  (based  on  8 slide-mounted  specimens.  Figure  2) 

Body  ellipsoidal,  360-430  /xm  long  (excluding  antennae  and  anal  lobe  setae),  2 1 0-240 
^im  wide.  Integument  membranous.  Antennae  distinctly  6-segmented,  145-160  ^m; 
basal  segment  broadest,  remainder  cylindrical  with  apical  segment  longest,  43-50  pm. 
Fleshy  setae  distributed  on  segments  as  follows:  1 on  IV,  I on  V and  4 or  5 on  VI,  with  2 
of  latter  shorter  and  more  slender  than  others.  Hair-like  setae  distributed  on  segments 
as  follows:  I or  2 on  1-IH  and  V,  0 on  IV  and  4apically  on  VI,  with  2 of  latter  very  long 
(up  to  140  ;xm).  simple,  prominent,  17-20  ^tm  in  diameter,  near  margin  on  venter 
close  to  antennal  bases.  La6/wm  conical,  68-75  /xm  long,  3-segmented.  subequal  in 
length;  cuticle  without  pustules.  Coxa,  trochanter  and  femur  each  with  2,  tibia  with  3 
hair-like  setae.  Tarsus  with  4 or  5 hair-like  setae  and  a pair  of  apically  capitate  digitules 
situated  dorsally;  tarsal  claw  acute,  curved,  with  an  enlarged  base  bearing  1 pair  of 
apically  acute,  ventral  digitules.  Spiracles  with  mesothoracic  and  metathoracic  pair 
similar,  21-25  pm  long,  8-10  pm  wide  across  atrium.  Anal  lobes  poorly  developed, 
each  bearing  a single  long  hair-like  seta,  390-430  pm  long,  1 short  ventral  hair-like  seta 
posterolateral  to  anal  ring,  I robust  lateral  hair-like  seta  on  outer  margin  and  2 fringed 
spine-like  setae  (described  below)  on  posterolateral  margin.  Anal  ring  ventral, 
subcircular,  21-25  pm  in  diameter,  cellular,  bearing  3 pairs  of  robust  setae,  30-34  pm 
long,  and  several  pore-like  structures. 

Venter  Wxih  short  hair-like  setae,  1-3  pm  long,  distributed  as  follows:  3 pairs  on  head; 
3 pairs  medially  and  usually  2 pairs  laterally  on  thorax;  1 pair  medially  and  1 pair 
laterally  on  abdominal  segments  Il-Vll  forming  2 longitudinal  rows  on  each  side  of 
body;  setae  only  on  anal  lobes  of  abdominal  segment  Vlll.  Multilocular  disc  pores  7-9 
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Figure  2 First  inslar  nymph  of  Apiomorpha  pomaphora  sp.  nov.  Scale  line,  0.05mm. 
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Mm  in  diameter,  distributed  mediolaterally  1 pore  on  each  side  of  abdominal  segments 
V-VI  and  sometimes  on  VII;  pores  of  9 or  1 1 locules,  but  mostly  1 1. 

Dorsum  entirely  margined  by  a single  row  of  58  enlarged  spine-like  setae,  each 
winged  by  a horizontal,  hyaline  membrane  which  is  truncate  apically  and  easily 
damaged;  setal  numbers  and  lengths  as  follows:  28  setae  32-52  Mm  long  on  head  and 
thoracic  margins;  1 seta  on  each  side  of  abdominal  segment  I;  2 on  each  side  of  each  of 
abdominal  segments  II-VIII;  45-52  Mm  long  on  margins  of  abdominal  segments  I-Vl; 
anterior  setae  on  margins  of  VII  38-48  Mm  long  and  posterior  setae  on  VII  often  longest 
on  body  at  45-56  m^i;  setae  on  margins  of  VIII  only  40-44  fim  long.  Short  hair-like 
setae,  2-4  Mm  long,  distributed  as  follows:  I pair  on  head;  I medial  and  I lateral  pair  on 
each  thoracic  segment  and  on  abdominal  segments  l-Vll  forming  2 longitudinal  rows 
on  each  side  of  body;  setae  absent  from  abdominal  segment  VIII.  Multilocular  disc 
pores  absent. 

Gall  of  female  (based  on  13  mature  galls.  Figures  3,  4) 

Mature  gall  ellipsoidal  to  ovoid,  apically  truncate  with  a smooth  or  jagged  flange  and 
a pointed  cap  or  operculum,  2.3-4.0  mm  high,  that  becomes  deflected  or  detached  at 
maturity.  Length  of  gall  from  base  to  apical  flange  16.0-29.7  mm,  maximum  width 
8.7-13.3  mm,  sessile  on  stem,  usually  seated  in  slight  depression  with  basal  attachment 
3. 0-5. 4 mm  in  diameter.  Truncate  gall  apex  5. 3-7. 6 mm  in  diameter;  apical  orifice 
circular,  0.5-0. 9 mm  in  diameter,  situated  in  centre  of  cup-like  apical  depression  1 .8-5.0 
mm  deep,  2.0-5. 4 mm  in  diameter  at  rim.  Gall  cavity  ovate,  approximating  contour  of 
outer  gall  surface;  wall  2. 6-3. 2 mm  thick.  Living  gall  usually  uniformly  light  green, 
occasional  specimen  greyish  brown. 

Gall  of  male  (based  on  19  mature  galls  and  7 immature  galls,  Figure  5) 

Mature  gall  tubular  with  slightly  to  distinctly  dilated  apex,  5. 5-9.0  mm  long,  median 
diameter  L2-L7  mm,  with  basal  attachment  0.8-LI  in  diameter,  seated  in  small 
cup-like  depression.  Apex  1.5-3. 6 mm  in  diameter,  sometimes  with  undulating  rim 
turned  outward  perpendicular  to  long  axis  of  gall;  cylindrical  chamber,  0.7- 1.0  mm  in 
diameter,  in  body  of  gall.  Living  gall  uniformly  light  green;  greyish  green  to  brown  and 
wrinkled  longitudinally  when  dry.  Galls  usually  projecting  at  60-90^^  to  leaf  surface. 

Immature  gall  tubular;  apex  not  dilated,  turned  inward  to  conceal  orifice. 

Etymology 

“Pomaphora”  is  derived  from  the  Greek  poma  for  lid  or  operculum  and  -phor 
meaning  bear  or  carry. 

Host-plant  associations 

Galls  of  females  occur  on  stems.  Galls  of  males  are  found  on  either  or  both  leaf 
surfaces  and  frequently  near  the  midrib.  The  two  species  of  mallee  eucalypt  recorded  as 
host  plants  belong  to  the  subgenus  Eudesmia,  are  closely  related  (Pryor  and  Johnson 
1971;  Brooker  and  Blaxell  1978)  and  intermediate  forms  exist  (M.I.H.  Brooker  pers. 
comm.). 
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Figures  3-5  Mature  galls  of  Apiomorpha  pomaphora  sp.  nov.,  ex  Eucalyptus  eudesmioides,  c.  15  km 
ENE  of  Kalbarri,  Kalbarri  National  Park,  Western  Australia.  3,4;  galls  of  adult  females;  5: 
galls  of  adult  males.  Scale  lines,  0.5  cm. 
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Taxonomic  apraisal  of  Zyzomys  (Rodentia,  Muridae) 
with  descriptions  of  two  new  species  from  the 
Northern  Territory,  Australia. 


D.J.  Kitchener* 

Abstract 

Five  species  of  Zyzomvs  are  recognised:  Z woodwardi (Thomas),  Z pedunculatus 
Z argurus  (Thomas),  Z maini  sp.  nov.  and  Z palalalis  sp.  nov.  Diagnoses  and  descriptions, 
assisted  by  multivariate  analyses,  are  provided  for  all  of  these  species. 

Phenetic  analyses  indicates  that  the  two  new  species  cluster  closely  with  Z woodwardi  and 
Z pedunculatus.  Z argurus  is  separate. 


Introduction 

The  five  named  forms  currently  placed  in  the  genus  Zyzomys  by  most  modern  workers 
(e.g.  Ellerman  1949, Tate  1951,  Watts  and  Aslin  1981)are  Mus  argurus  Thomas,  1889; 
Mesembriomys  argurus  indutus  Thomas,  1909;  Laornys  woodwardi  Thomas,  1909; 
Conilurus  pedunculatus  Waite,  1896  and  Conilurus  pedunculatus  [var.  brachyotis'] 
Waite,  1896. 

The  status  of  Z.  argurus  indutus  and  Z.  pedunculatus  [var.  brachyotis]  has  received 
little  further  examination;  the  latter  probably  because  of  confusion  surrounding  the 
validity  of  the  type  specimens  (see  Aitken  1976). 

Begg  (1983)  relates  that  the  Central  Rock-rat,  Z.  pedunculatus,  is  one  of  the  rarest 
Australian  rodents.  It  was  first  collected  in  central  Australia  in  1896.  Since  then  it  has 
been  collected  on  only  five  occasions.  The  last  of  these  was  in  I960  in  the  western 
MacDonnell  Range,  Its  distribution  is  believed  to  be  restricted  to  rocky  ranges 
surrounding  Alice  Springs.  Watts  and  Aslin  (1981)  state  that  the  Common  Rock-rat  Z. 
argurus,  occurs  in  rocky  habitat  in  the  Pilbara  and  Kimberley  regions  and  some 
adjacent  near-coastal  islands  off  Western  Australia,  across  the  northern  part  of  the 
Northern  Territory  to  Northern  Queensland,  excluding  the  top  half  of  Cape  York 
Peninsula.  The  Large  Rock-rat,  Z.  woodwardi  (s.L)  is  restricted  to  the  Kimberley 
region  of  Western  Australia  and  the  Alligator  River  region  of  Northern  Territory. 

My  initial  interest  in  the  taxonomy  of  this  group  resulted  from  the  observation  that 
the  body  mass  and  aspects  of  maturity  of  a population  of  Zyzomys  'woodwardi*  a\ 
Nourlangie  Rock,  Northern  Territory,  reported  on  by  Begg  (1981)  were  markedly 
different  from  individuals  studied  at  Mitchell  Plateau,  Kimberley  region  (Bradley  et  ai 
1987).  Comparison  between  Western  Australian  Z.  woodwardi  and  this  Northern 
Territory  form  of  Zyzomys  indicated  that  a number  of  morphological  differences,  in 


* Western  Australian  Museum,  Perth,  Western  Australia,  6000 
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addition  to  overall  size,  existed  between  individuals  from  these  areas.  These  differences 
were  such  as  to  warrant  description. 

This  paper  reports  on  the  results  of  a morphological  taxonomic  appraisal  of 
collections  of  Western  Australian  and  Northern  Territory  Zyzomys  specimens 
available  for  study  and  describes  two  new  species  of  Zyzomys. 


Materials  and  Methods 

Measurements 

Twenty  three  measurements  (in  mm)  of  skull,  dentary  and  dental  characters,  five  of 
external  characters,  a count  of  the  number  of  scale  rows  in  one  centimetre  of  tail  length, 
and  weight  (in  gms)  were  recorded  from  adult  specimens  listed  in  ‘‘Specimens 
Examined”.  These  measurement  points  for  skull,  dentary,  dental  and  foot  pad 
characters  are  shown  in  Figure  1. 

Pelage  and  skin 

Colour  of  pelage  when  capitalised  follows  Ridgway  (1912).  Specimens  were  regarded 
as  adult  if  M3  was  fully  erupted  and  basicranial  sutures  were  ossified. 

Morphometric  analyses 

Only  adults  were  included  in  the  statistical  appraisal.  Means,  standard  deviations 
and  ranges  were  computed  for  skull,  dentary,  teeth  (thereafter  referred  to  as  skull 
characters)  and  external  characters  (body  measurements  and  tail  scale  counts).  Sexual 
dimorphism  was  examined  using  a two  factor  MANOVA  of  each  of  the  skull  and 
external  characters  for  the  factors,  species  and  sex. 

Principal  component  analysis,  based  on  a correlation  matrix  of  the  skull  characters 
using  varimax  rotation,  was  performed.  The  first  three  principal  component  scores 
were  examined.  Canonical  variate  (discriminant)  analysis  was  performed  on  skull 
characters  for  the  recognised  species.  A dendrogram  was  produced  for  both  skull  and 
external  characters,  using  UPGMA.  All  the  above  analysis  were  performed  using  both 
scaled  (Z-values)  and  unsealed  values.  All  analyses  were  performed  on  a COMPAQ 
computer  using  SPSS/  PC+. 

Principal  component  and  discriminant  analyses  were  not  presented  for  external 
characters  because  many  individuals  had  missing  values  for  various  external 
characters. 


Systematics 
Zyzomys  Thomas 

Zyzomys  Thomas,  1909,  Ann.  Mag.  nat.  Hist.,  Ser.  8,  3:  372 
iMomys  Thomas,  1909,  Ann.  Mag.  nat.  Hist.,  Ser.  8,  3:  373 

Thomas  (1909)  placed  Mus  argurus  and  Zyzomys  argurus  indutus  in  Zyzomys  and 
Conilurus  pedunculatus  and  Laomys  woodwardi  in  Laomys.  He  distinguished  these 
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NW 


Figure  1.  Measuring  points  for  skull,  dental,  dentary  and  pes  pads  used  in  this  study.  See  caption  of 
Table  1 for  greater  detail. 
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genera  on  the  basis  that  the  teeth  of  Zyzomys  were  (like  Mesembriomys)  not  especially 
laminate  where  as  those  of  Laomys  were  distinctly  laminate.  Also  Zyzomys  differed  in 
having  a well  marked  re-entrant  concavity  on  the  posterior  margin  of  M,  and  M2  “in 
which  a distinct  median  supplementary  cusp  is  placed”.  Zyzomys  also  had  a more  thinly 
haired  tail  which  may  be  incrassated.  The  tail  of  Laomys  was  thickened  basally.  Tate 
(1951)  considered  that  these  characters  used  by  Thomas  (1909)  were  subgeneric. 

Tate  (1951)  rediagnosed  the  genus  Zyzomys  as  follows:  molars  with  external  and 
median  cusp  of  each  loph  fused  while  the  internal  ones  were  separate  and  functional; 
skull  moderately  arched;  lacrimals  large;  interorbital  area  smooth,  without  sharp  edges; 
frontoparietal  suture  strongly  bowed  posteriorly;  interparietal  wide;  zygomatic  plate  ‘ 
unmodified  but  maxillary  zygomatic  process  broad;  palate  elongate,  extending  1 mm 
behind  M^,  with  strong  median  spine;  incisive  (anterior  palatine)  foramina  elongate, 
extend  back  to  about  middle  of  first  loph  of  M h mesopterygoid  fossa  narrow,  unroofed 
and  slightly  lyrate  in  form;  ectopterygoid  fossa  shallow;  squamosal  alisphenoid  suture 
remote  from  foramen  ovale  and  alisphenoid  canal;  postsquamosal  sinus  and  bulla 
unmodified. 

Tate  ( 1951)  disinclined  to  merge  Zyzomys  dind  Laomys  xnio  one  genus  as  did  Ellerman 
(1949)  and  retained  them  as  subgenera  on  the  basis  of  the  difference  in  the  structure  of 
the  postsquamosal  sinus.  Tate  (1951)  states  that  in  Zyzomys  X\\\%  sinus  is  modified  such 
that  the  tip  of  the  inferior  process  is  broadened  to  a near  rectangular  plate  which  contacts 
both  the  mastoid  and  the  occipital  closing  the  mouth  of  the  sinus.  The  sinus  is  “very 
narrow  and  is  pointed  at  its  deepest  part,  while  its  lower  containing  bar  is  somewhat 
broader  than  is  the  sinus”.  On  the  other  hand  he  states  that  in  Laomys  the  squamosal 
sinus  is  broad,  relatively  widely  open  “and  is  margined  on  its  lower  side  by  a process,  the 
thickness  of  which  is  about  one-third  of  its  length”.  Tate  also  remarks  that  Laomys 
differs  slightly  from  Zyzomys  in  that  the  talonids  are  further  reduced  to  minute  posterior 
cingula  on  M,  and  M2.  Examination  of  the  series  of  Zyzomys  available  to  me  indicates 
that  the  shape,  and  indeed  existence,  of  the  postorbital  sinus  varies  considerably  within 
species.  For  example,  in  Zyzomys  woodwardi  it  ranges  from  absent  to  long  and  open. 
Similarly  in  Zyzomys  argurus  it  may  be  absent  to  long  and  thin  but  open,  to  moderately 
wide  and  open.  Given  the  variability  of  this  character  and  the  lack  of  other  consistent 
major  characters  that  are  singular  to  Zyzomys  or  Laomys,  I have  followed  Ellerman 
(1949)  and  can  see  no  reason  for  recognising  subgenera. 

Both  Z.  maini  sp.  nov.  and  Z.  palatalis  sp.  nov.  have  only  4 abdominal  teats  like  the 
other  Zyzomys  spp. 


Zyzomys  woodward!  (Thomas,  1909) 

Table  I,  Figs  2-13 

iMomys  woodwardiy)somd,s,  1909,  Ann.  Mag.  nat.  Hist.  Ser.  8,  3:  373-374 

Holotype 

BMNH  No.  9.2. 16.3,  original  No.  29,  old  female. 
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Figure  2 Relationship  betweel  tail  to  vent  length  and  head  to  vent  length  in  male  and  female  adult 
Zyzomys  spp.  •,  Z.  woodwardi;  H,  Z pedunculatus;  A,  Z argurus;  O,  Z maini  and  □,  Z 
palatalis  (also  indicated  by  an  arrow). 


Figure  3 Relationship  between  ear  length  and  head  to  vent  length  in  male  and  female  adult  Zyzomys 
spp.  Species  codes  as  for  Figure  2. 
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Type  Locality 

Parrys  Creek,  near  Wyndham,  E.  Kimberley,  Western  Australia;  c.  15'>37'S,  128(^17'E;  altitude  100' (= 
30.5  m).  Collected  by  J.P.  Rogers  on  9 October  1908  in  ‘‘rough  stony  gorge”. 

Specimens  Examined 

See  later  section. 

Diagnosis 

Zyzomys  woodwardi  can  be  distinguished  from  other  Zyzomys  species  by  a 
combination  of  its  large  overall  size  (Table  I ),  ^grey-brown'  body  fur,  tail  length  shorter 
than  head  to  vent  length  and  long  M*-M  \ 

It  differs  from  Z.  pedunculatus  by  having  the  tail  relatively  shorter  than  head  to  vent 
length  (Figure  2);  tail  lightly  furred;  pelage  ‘grey-brown'  rather  than  ‘light  brown’; 
thenar  pad  of  pes  generally  longer  relatively  to  pes  length  (Figure  5);  zygomatic  plate 
wider,  anterior  edge  more  or  less  vertical  without  marked  dorsal  projection;  bulla 
shorter  relative  to  skull  length  (Figure  6),  less  inflated;  molar  rows  average  longer: 
M‘-M^  6.8  (6. 1-7.6)  V.  6.4  (6.2-6.6);  anterior  and  middle  lingual  cusps  not  close, 
posterior  cusp  mediad,  not  posterolabial. 


Tail-Vent  Length  (mm) 


Figure  4 Relationships  between  number  of  scale  rows  per  centimetre  of  tail  length  (SCALES)  and  tail 
length  (TL)  in  male  and  female  adult  Zyzomys  spp.  Species  codes  as  for  Figure  2. 
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Figure  5 Relationship  between  thenar  pad  length  and  pes  length  in  male  and  female  adult  Zyzomys  spp. 
Species  codes  as  for  Figure  2. 


Skull  Length  (mm) 

Figure  6 Relationship  between  bulla  length  and  skull  length  in  male  and  female  adult  Zyzomys  spp. 
Species  codes  as  for  Figure  2. 
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Figure  7 


Figure  8 


Palatal  Length  (mm) 


Relationship  between  upper  molar  row  length  and  palatal  length  in  male  and  female 

adult  Zyzomys  spp.  Species  codes  as  for  Figure  2. 


Relationship  between  posterior  upper  molar  length  and  upper  molar  row  length  in  male  and 
female  adult  Zyzomys  spp.  Species  codes  as  for  Figure  2. 
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Figure  9 Relationship  between  lower  molar  row  length  (MpM^)  and  interorbital  width  in  male  and 
female  adult  Zyzomys  spp.  Species  codes  as  for  Figure  2. 


It  differs  from  Z.  argurus  by  being  generally  larger  in  all  measurements  (Table  1);  tail 
to  vent  length  shorter  than  head  to  vent  length  (Figure  2);  fewer  scale  rows  per  cm  of  tail 
length  relative  to  tail  length  (Figure  4);  thenar  pad  of  pes  longer  relative  to  pes  length 
(Figure  5);  lacking  a pronounced  concavity  in  the  posterior  margin  of  M,  and  M2;  M3 
posterior  cusp  closer  to  labial  cusp;  occipital  condyles  almost  in  line  rather  than 
noticeably  anterior  to  posterior  tip  of  skull. 

It  differs  from  Z.  maini  in  generally  averaging  larger  in  all  measurements  (Table  I); 
M '-M'"'  longer  relative  to  palatal  length  ( Figure  7);  M 1-M3  longer  relative  to  interorbital 
width  (Figure  9);  thenar  pad  generally  longer  relative  to  pes  length  (Figure  5);  M- 
anterior  lingual  cusp  further  from  its  adjacent  lingual  cusp. 

It  differs  from  Z.  palatalis  in  having  anterior  palatal  foramen  shorter  relative  to 
palatal  length  0.349  (0.313-0.377)  v.  0.396;  anterior  palatine  foramen  narrower,  not 
edged  at  external  margins  by  a sharp  low  palatal  ridge;  M‘  lingual  cusps  subequal  in 
size  rather  than  decreasing  in  size  posteriorly;  bulla  shorter  relative  to  skull  length 
(Figure  6). 
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Figure  10  Plantar  surface  of  right  pes  of  male  and  female  adult  Zyzomys  spp.  (a)  Z.  woodwardi;  (b)  Z. 
pedunculatus;  (c)  Z.  argurus;  (d)  Z.  maini;  (e)  Z.  palatalis.  Scale  line  5 mm. 
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Figure  11 
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Figure  11  (continued) 


I 

I 
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Figure  11  Palate  and  molar  rows  of  male  and  female  adult  Zyzonm  spp.  as  stereopairs  (a)  Z. 

woodwardi;  (b)  Z.  pedunculatm;  (c)  Z.  argurus;  (d)  Z.  maini;  (e)  Z.  palatalis.  Scale  line  2 mm. 

Description 

Skull  and  Teeth  (mean,  mm)  (Figures  II,  12) 

Skull  length  38.5;  dorsal  profile  moderately  curved;  rostrum  short,  infraorbital  fissure 
to  tip  of  nasal  length  12.1;  nasal  extends  anterior  to  premaxilla  up  to  0.3;  lacrimals  large, 
inflected  upwards;  braincase  depth  moderate;  braincase  little  inflated;  anterior  frontal 
with  slight  to  moderate  depression;  anterior  palatine  foramen  moderately  wide, 
narrower  posteriorly;  premaxilla-maxilla  suture  sited  at  anterior  one-third  of  foramen 
length;  anterior  palatine  foramen  projects  posteriorly  level  with  front  or  mid-point  of 
anterior  loph  of  M';  palate  external  to  anterior  palatine  foramen  generally  smooth  and 
flat,  only  occasionally  raised  to  a very  low  smooth  ridge;  postpalatal  spine  short,  broadly 
triangular;  bulla  short,  slightly  inflated;  postsquamosal  sinus  absent,  short  or  long,  open 
or  closed  posteriorly,  when  present,  superior  and  inferior  arms  of  squamosal  that  border 
the  sinus  of  approximately  similar  width;  incisors  moderately  opisthodont;  zygomatic 
plate  wide,  generally  anterior  margin  gently  convex,  not  close  to  rostrum  (infraorbital 
fissure  moderately  wide);  distance  between  upper  molar  rows  narrowing  slightly 
anteriorly;  upper  molars  with  very  small  labial  cusps  on  M’-M^  lophs;  M'-M^  lingual 
cusps  distinct  and  functional;  M*  anterior  loph  moderately  elongate  anteriorly  with 
small  anterior  or  anterolingual  cusplet  frequently  present;  lingual  cusps  subequal  in 
size;  anterior  and  middle  cusp  moderately  separated;  posterior  cusp  mediad;  M, 
and  M2  posterior  loph  slightly  concave;  anterior  loph  bifurcate. 
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Figure  12  Skull  and  dentary  of  Z.  woodwardi:  ventral  view  of  skull  as  stereopairs.  Scale  line  5 mm. 
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EXTERNALS 

Pelage  and  Skin  Colour  (described  from  'puppet’  skins). 

Overall  dorsal  fur  colour  Cinnamon  Brown.  Dorsal  hairs  range  in  length  from  c.  1 1 
mm  between  ears  to  15  mm  in  middle  and  posterior  regions;  basal  four-fifth  of  dorsal 
hairs  Pale  Mouse  Gray  tipped  with  Cinnamon  Buff,  Snuff  Brown  or  Sepia  to  provide 
'flecked’  appearance.  Hairs  on  flanks  similar  colour  to  dorsal  hairs,  up  to  13  mm  long; 
hairs  of  venter  with  basal  half  Pale  Neutral  Gray  tipped  with  white,  up  to  6 mm  long; 
hairs  on  chest  and  throat  White,  up  to  9 mm  long  on  chest,  shorter  on  throat  (3  mm). 
Hairs  on  forehead  with  'grizzled’  appearance,  up  to  10  mm  long,  similar  colours  to 
dorsum  but  with  more  hairs  tipped  with  Black,  particularly  towards  rhinarium.  Ears 
lightly  clothed  on  the  external  and  margins  of  the  internal  surfaces  with  Cinnamon 
Brown  hairs  c.  1 mm  long. 

Tail  moderately  furred,  scales  usually  readily  visible;  on  dorsal  surface  hairs  Tawny 
Olive  frequently  tipped  with  Pale  Pinkish  Buff,  5 mm  long;  on  ventral  surface  hairs 
White,  7 mm  long. 

Approximately  30  dark,  long  (up  to  62  mm)  and  20  White,  short  (up  to  25  mm) 
mysticial  vibrissae  on  each  side;  two  Black  supraorbital  vibrissae,  up  to  38  mm  long 
and  two  White  ulnar  carpal  vibrissae,  up  to  12  mm  long. 

Skin  of  pes  and  manus  Honey  Yellow,  proximal  part  of  ears  Wood  Brown,  distal 
half  Dark  Olive. 

Pes  (Figure  10) 

Interdigital  pad  at  base  of  digit  1 oval,  slightly  smaller  than  and  posterior  to  other 
interdigital  pads;  interdigital  pad  at  base  of  digit  1 1 oval,  slightly  posterior  to  interdigital 
pad  between  digit  111  and  IV  which  is  subtriangular,  with  posterior  one-third 
overlapping  with  interdigital  pad  of  digit  V.  This  latter  pad  kidney  shaped  with 
moderate  posteroexternal  accessory  pad  present,  subequal  in  size  to  interdigital  pads  of 
digits  HI  IV  and  of  digit  H.  Thenar  pad  kidney  shaped,  moderately  long,  c.  2.2  mm 
posterior  of  interdigital  pad  of  digit  1;  hypothenar  pad  oval,  smaller  than  or  subequal  to 
interdigital  pad  of  digit  I.  All  pads  smooth. 

7h// (Figure  13) 

Tail  to  vent  length  1 14.4  ± 1 1.90(94.4-135.0)  shorter  than  head  to  vent  length  136.0± 
13.42  (104.0-169.0),  usually  with  a thickened  basal  part,  although  this  thickening  is 
dependent  on  seasonal  condition  (Begg  1981). 

The  number  of  scale  rows  per  cm  of  tail  length  (SCALES)  is  low,  9 ± 1.3(7-12)  and  is 
dependent  on  tail  length  (TV)  with  smaller  tails  having  a higher  number  of  scale  rows 
per  cm  (Figure  4).  The  regression  equation  is  SCALES  = -.048  TV  + 14.932  21  - 

5.180,  P<.05) 

Distribution 

Specimens  examined  ( Figure  22)  covers  most  of  the  known  localities  of  this  species  in 
Western  Australia.  The  species  is  now  known  only  from  Western  Australia.  Previous 
records  from  the  Northern  Territory  are  now  attributed  to  Z.  maini. 
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Figure  13  Dorsal  view  of ‘puppet’  skin  of  specimen  of  Z.  woodwardi. 


Zyzomys  pedunculatus  (Waite,  1896) 

Table  1,  Figures  2-1 1,  14-15 

Conilurus  pedunculatus  Waite,  1896,  Rept.  Horn  scientific  expedition  to  central  Australia,  Part  II 
(Zoology),  395-398 

Conilurus pedunculatus\ydiV,  brachyotis^  Waite,  1896,  Rept.  Horn  scientific  expedition  to  central  Australia, 
Part  II  (Zoology),  395-398 

Type  Specimens 

Waite  (1896)  listed  four  male  and  one  female  syntypes  labelled  A to  E.  Syntype  B is  in  the  South 
Australian  Museum  (SAM  M2437);  the  location  of  syntypes  A,  C,  D and  E is  said  to  be  uncertain.  (Dixon 
1970)  stated  that  the  Australian  Museum  probably  has  specimen  A as  AM  M 1064.  Other  possible  syntypes 
considered  by  Aitken(  1976)  to  be  in  the  Australian  Museum  are  AM  M 1 158  (skin  with  skull  separate)  and 
AM  M 1298  (skin  with  skull  in  situ)  and  the  South  Australian  Museum  SAM  M4384  (female  in  alcohol), 
M4385-7  (males  in  alcohol)  and  SAM  M4379  (female  in  alcohol).  However,  The  Australian  Museum 
catalogue  clearly  indicates  in  Waite's  own  handwriting  (fide  T.  Flannery)  that  specimen  ‘A’  of  this  type  series 
was  catalogued  as  AM  MI 064. 

Lectotype 

Australian  Museum  No.  1064,  male,  skin  with  skull  intact,  collected  by  J.  Field  from  Alice  Springs, 
Central  Australia. 

Type  Locality 

Listed  as  Alice  Springs  by  Waite  ( 1 896).  However,  W. B.  Spencer,  who  donated  the  syntypes  to  Waite, 
did  not  collect  the  specimens  himself  (Waite  1896:  394)  and  therefore  this  locality  is  suspect. 
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Figure  14  Skull  and  dentary  of  Z.  pedunculatus:  ventral  view  of  skull  as  stereopairs.  Scale  line  5 mm. 
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Specimens  Examined 

See  later  section. 

Diagnosis 

Zyzomys  pedunculatus  is  distinguished  from  other  species  of  Zyzomys  by  its  more 
heavily  furred  and  terminally  tufted  tail;  larger  number  of  scale  rows  per  cm  of  tail 
length  relative  to  tail  length  (Figure  4);  longer  ears  relative  to  head  to  vent  length 
(Figure  3);  generally  longer  (and  more  inflated)  bulla  relative  to  greatest  skull  length 
(Figure  6),  posterior  cusp  more  labial  in  position;  zygomatic  plate  anterodorsal 
edge  projects  further  forward. 

It  also  differs  from  Z.  woodwardi  by  having  the  tail  to  vent  length  subequal  rather 
than  shorter  than  head  to  vent  length  (Figure  2);  thenar  pad  generally  shorter  relative  to 
pes  length  (Figure  5);  ‘light  brown'  rather  than  ‘grey  brown’  pelage;  zygomatic  plate 
narrower  with  anterior  edge  slightly  concave  with  dorsal  projection  present;  molar 
rows  average  shorter:  M'-M^  6.4  (6.2-6. 6)  v.  6.8  (6. 1-6.7);  anterior  lingual  cusp 
larger  rather  than  smaller  than  anterior  lingual  cusp. 

It  also  differs  from  Z.  argurus  by  averaging  larger  in  all  measurements  (Table  1); 
thenar  pad  shorter  relative  to  pes  length  (Figure  5).  M*-M^  longer  relative  to  palatal 
length  (Figure  7);  anterior  lingual  cusp  larger  rather  than  smaller  than  anterior 
lingual  cusp  and  lacking  a pronounced  concavity  in  the  posterior  margin  of  M i and  M2. 

It  also  differs  from  Z.  maini  in  having  the  general  pelage  colour  ‘light  brown’  rather 
than ‘grey  brown’;  M*-M^  longer  relative  to  palate  length  (Figure  7);  interorbital  width 
generally  narrower;  4.9  (4.6-5. 2)  v.  5.2  (4.5-5. 6);  M1-M3  length  longer  relative  to 
interorbital  width  (Figure  9). 

It  also  differs  from  Z.  palatalis  in  having  general  pelage  colour  ‘light  brown’  rather 
than  ‘grey  brown’;  orbit  to  nasal  shorter  1 1.5  (10.3-12.6)  v.  12.9;  M'-M-’  shorter  6.4 
(6. 2-6.6)  V.  6.9;  M'  shorter  3.1  (2. 8-3.4)  v.  3.6;  anterior  palatine  foramen  generally 
shorter  7.2  (6.5-7.6)  v.  7.6,  narrower;  palatal  ridges  at  edge  of  external  margins  of 
anterior  palatine  foramen  much  lower;  anterior  lingual  cusp  larger  rather  than  smaller 
than  M2  anterior  longual  cusp. 

Description 

Skull  and  Teeth  (means,  mm)  (Figures  1 1,  14) 

Skull  moderate  length,  36.7;  dorsal  profile  moderately  curved;  rostrum  short, 
infraorbital  fissure  to  tip  of  nasal  length  11.5;  nasal  usually  extends  anterior  of 
premaxilla,  occasionally  as  far  as  0.4;  lacrimals  large,  inflected  upwards;  braincase 
depth  moderate;  braincase  little  inflated;  anterior  frontal  with  moderate  depression; 
anterior  palatine  foramen  moderately  wide,  narrowing  anteriorly  and  posteriorly; 
premaxilla-maxilla  suture  situated  at  anterior  one-third  to  one-half  of  foramen  length; 
anterior  palatine  foramen  projects  posteriorly  level  with  mid  point  of  anterior  loph  of 
M ’;  maxillary  part  of  palate  anterior  to  M ' and  external  to  anterior  palatine  foramen 
frequently  raised  to  a low  ridge  but  not  as  pronounced  as  in  Z.  palatalis;  postpalatal 
spine  moderately  long,  triangular;  bulla  long,  moderately  inflated;  postsquamosal  sinus 
varies  from  short  to  moderately  long,  open  posteriorly,  but  sometimes  only  narrowly. 
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occipital  spur  narrow  and  usually  intrudes  halfway  along  superior  margin  of  sinus, 
inferior  arm  of  squamosal  narrow,  subequal  to  width  of  sinus,  incisors  moderately 
opisthodont;  zygomatic  plate  narrow  relative  to  other  larger  Zyzomvs  spp,  anterior 
margin  slightly  concave  with  moderate  to  pronounced  blunt  dorsal  projection,  not 
close  to  rostrum  (infraorbital  fissure  moderately  wide);  distance  between  upper  molar 
rows  narrowing  slightly  anteriorly;  upper  molars  with  very  small  labial  cusps  on  the 
anterior  lophs  of  M * and  M-  and  M ' middle  loph;  M * anterior  labial  cusp  occasionally 
larger  and  quite  distinct;  M '-M^  lingual  cusps  distinct  and  functional;  M ' anterior  loph 
shorter  relative  to  other  species  of  Zyzotnys,  usually  with  a distinct  outer  lingual 
cusplet;  M- lingual  cusps  subequal  in  size,  anterior  two  cusps  close;  M-"*  anterior  lingual 
cusp  larger  than  lingual  cusps,  much  larger  than  adjacent  lingual  cusp  (from  which 
it  is  separated  by  a considerable  distance)  which  is  sited  posterolingually;  the  remaining 
M-’  cusp  is  sited  posterolabially  such  that  the  posterior  of  M-^  appears  bifurcated;  M, 
and  M2  posterior  loph  margin  slightly  to  moderately  concave;  M,  anterior  loph 
bifurcate. 

EXTERNALS 

Pelage  and  Skin  Colour  (Described  from  puppet  skins). 

Overall  dorsal  fur  colour  Tawny-Olive;  dorsal  hairs  range  in  length  from  12  mm 
between  ears  to  1 5 mm  in  middle  of  dorsum  to  1 7 mm  in  posterior  regions;  basal  three 
quarters  of  hairs  Wood  Brown,  most  tipped  with  Tawny  Olive  but  some  with  Buffy 
Brown.  Hairs  on  flanks  18  mm,  similar  colour  to  dorsum  but  without  or  with  greatly 
reduced  Buffy  Brown  tipping.  Hair  on  forehead  and  face  similar  in  colour  to  that  of 
dorsum.  Hair  on  chest,  throat  and  around  mouth  Pale  Olive  Buff,  on  throat  5.5  mm  long 
and  on  chest  10  mm  long.  Venter  with  hairs  up  to  8 mm  long,  basal  two-thirds  Quaker 
Drab  to  Light  Mouse  Gray  tipped  with  Pale  Olive  Buff  laterally  but  in  mid  line  areas  of 
hairs  all  of  Pale  Olive  Buff.  Ears  moderately  furred  on  external  surface  with  Buffy  Brown 
hairs  1.5  mm  long  and  on  margins  of  internal  surface  with  longer  (up  to  3 mm)  Tawny 
Olive  hairs.  Hairs  on  dorsal  surfaces  of  pes  and  manus  Pale  Olive  Buff.  Tail  heavily 
haired,  scales  not  visible.  On  dorsal  surface  of  tail,  hairs  Warm  Sepia  interspersed  with 
Cinnamon  Buff,  7 mm  long  for  basal  one-quarter,  remainder  of  tail  Warm  Sepia  up  to 
20  mm  long  and  forming  a tufted  end  to  tail.  On  ventral  surface  to  tail  Pale  Olive  Buff  6 
mm  long  for  basal  one-quarter  of  tail  and  up  to  13  mm  at  distal  part  of  tail.  On  each  side 
16,  up  to  55  mm  long,  variously  coloured  Pale  Olive  Buff  or  Buffy  Brown  mysticial 
vibrissae,  and  c.  20  shorter  (up  to  20  mm)  Pale  Olive  Buff  anterior  mysticial  vibrissae;  a 
single  long,  up  to  30  mm,  Pale  Olive  Buff  supraorbital  vibrissa;  and  two  Pale  Olive  Buff 
ulnar  carpal  vibrissae,  up  to  13  mm  long. 

Skin  of  pes,  manus  and  ears  Benzo  Brown. 

Pes  (Figure  10) 

Interdigital  pad  at  base  of  digit  I moderately  large  and  kidney  shaped  with  small 
accessory  external  pad,  subequal  in  size  and  posterior  to  other  interdigital  pads; 
interdigital  pad  at  base  of  digit  II  oval  shaped,  slightly  posterior  to  interdigital  pad 
between  digits  III  and  IV  which  is  slightly  kidney  shaped.  Interdigital  pad  of  digits  III 
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and  IV  varies  from  clearly  anterior  to  interdigital  pad  of  digit  V to  its  posterior  margin 
overlapping  slightly  with  this  latter  pad;  interdigital  pad  of  digit  V oval  shaped  with 
moderate  sized  external  accessory  pad.  Thenar  pad  short,  3.8  ± 0.29  (x  ± SD),  oval  or 
kidney  shaped,  c.  2.5  posterior  of  interdigital  pad  of  digit  I;  hypothenar  pad  suboval, 
smaller  than  interdigital  pad  of  digit  I,  overlapping  posterior  half  of  this  latter  pad;  all 
pads  smooth. 

Tail  (Figure  15) 

Tail  to  vent  length  (TV)  of  121.4  ± 5.55  (1 16.0-127.7)  subequal  to  head  to  vent  length 
1 17.3  ± 5.64(108.0-123.8).  Number  of  scale  rows  per  cm  of  tail  length  (SCALES)  high  12 
± 1.1  (10-13).  Tail  frequently  considerably  incrassated,a  character  considered  by 
Finlayson(  1941)  to  be  variable  in  Zyzomys.  Shorter  tails  appear  to  have  more  scale  rows 
per  cm.  However  this  relationship  is  not  quite  significant,  probably  because  the  sample 
size  is  low.  The  equation  is  SCALES  = -0. 193  TV  + 35.226  (F,  3 = 6.203,  0.05  <P<0. 10). 


Figure  15  Dorsal  view  of  ‘puppet’  skin  of  specimen  of  Z.  pedunculatus. 


Distribution 

Locality  of  specimens  examined  (Figure  22)  represent  the  localised  distribution  of  this 
species. 

Referred  specimens 

After  submission  of  this  paper  for  publication  two  specimens  (AM  M77701)  from 
‘Granites  Goldfield’,  NW  of  Alice  Springs  (2(>>34'S,  \3m2'E\  collected  on  29  May  1953 
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by  the  Australian  Museum  Central  and  North  West  Expedition,  were  drawn  to  the 
attention  of  the  author.  These  specimens  were  entire  and  in  alcohol.  Permission  was 
given  to  the  author  to  remove  one  of  these  skulls  and  to  partially  clean  it  (leaving  the  soft 
palate  intact).  Unfortunately  this  removed  skull  was  considerably  damaged  at  capture. 
Both  these  specimens  appear  to  be  Z pedunculatus. 

Remarks 

Waite  (1896)  described  two  specimens  (field  numbers  F and  G)  from  the  syntypic 
series  of  Conilurus  (=  Zyzomvs)  pedunculatus  as  differing  from  the  other  five  in  the  series 
as  follows  "‘being  slightly  smaller,  in  having  the  ears  proportionally  smaller,  reaching 
only  to  the  posterior  margin  of  the  eye,  and  in  the  tail  being  shorter  than  the  head  and 
body.  The  tail  is  similar  to  the  typical  examples,  but  is  less  incrassated,  and  is  destitute  of 
yellow  hairs,  being  black  above  and  white  below  throughout;  basally  the  hairs  are  scanty 
and  do  not  hide  the  scales,  but  are  longer  distally.  The  scales  are  also  much  smaller, 
averaging  seventeen  to  the  centimetre”.  Waite  considered  specimens  ‘F  and  ‘G' 
represented  “a  well-marked  variety,  which  may  be  known  as  var,  hrachyotis'\  These 
were  from  Illamurta,  James  Range  (c  20^1 8'S,  132^^4  TE);  the  other  was  sent  from  Alice 
Springs. 

Dixon  ( 1 970)  and  Aitken  (1976)  have  dealt  with  the  uncertain  provenance  of  supposed 
type  material  in  the  South  Australian  Museum  and  Museum  of  Victoria  collections 
labelled  ‘F  and  attributed  to  C pedunculatus  var.  brachyotis.  Dixon  ( 1970)  concluded 
that  the  specimen  in  the  Museum  of  Victoria  (N  MV  C7806)  could  not  be‘F  because  it  is 
an  entire  male  in  spirit  and  ‘F  was  a male  with  the  skull  removed. 

I have  examined  both  specimen  ‘F  from  the  South  Australian  Museum  (SAM 
M2412)  and  NMV  C7806.  Overall  SAM  M2412skull  measurements  are  closer  to  those 
presented  from  specimen ‘F  in  Waite’s  description  than  those  of  NMV  C7806.  However, 
measurements  of  S A M M24 1 2 also  differ  somewhat  more  from  Waite’s  for  specimen  ‘F 
than  would  be  expected  as  a result  of  variation  due  to  measurements  recorded  by 
different  people. 

I have  also  examined  specimen  ‘G',  AM  M1065,  from  Illamurta,  James  Ra.,  a 
mounted  skin  with  skull  intact.  This  skin  has  a tail  with  1 7 scale  rows  per  cm  and  a tail 
which  is  shorter  than  the  head  to  vent  length.  However,  hairs  on  this  tail  are  not  now 
black  above,  nor  are  the  ventral  tail  hairs  more  noticeably  ‘scanty’  than  the  possible 
syntypic  C.  pedunculatus  specimen,  AM  M 1 158,  similarly  mounted. 

If  specimens  AM  M1065  and  SAM  M24I2  are  syntypes  of  C pedunculatus  [var. 
brachyotis]ihenihQy  do  not  warrant  subspecific distinction  from  Z. pedunculatus.  This 
is  because  the  characters  of  colour  and  density  of  tail  pelage  of  AM  M 1065  (specimen 
‘G’)  appear  to  fall  within  the  range  of  the  series  of  Z pedunculatus  available  to  me.  Also 
the  combination  of  shorter  tail  and  high  number  of  tail  scale  rows  may  merely  reflect  a 
young  adult  condition,  given  the  general  relationship  between  tail  length  and  scale  row 
number  for  this  genus  shown  in  Figure  4.  The  generally  smaller  size  and  shorter  ears 
reported  for  var.  brachyotis  would  also  be  consistent  with  a subadult  or  young  adult 
animal  and  Finlayson  (1941)  considered  it  to  be  “definitely  young”. 
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Because  of  the  doubtful  provenance  of  some  existing  specimens  attributed  to  Z 
pedunculatus  (s.  s.),  paralectotypes  are  not  here  nominated. 


Zyzomys  argurus  (Thomas,  1889) 

Table  1 Figures  2-11,  16-17 

Mus  argurus  Thomas,  1889,  Ann.  Mag.  nat.  Hist.,  Ser.  6,  3:  433-435 
Mesembriomys  argurus  indutus  Thomas,  1909,  Ann.  Mag.  nat.  Hist.,  Ser.  8,  3:  151 

Holotype 

BMNH  No.  86.8.26.6  referred  to  as  “adult  male  in  spirit"  by  Thomas  (1889).  However  Tate  (1951) 
considered  it  a young  male. 

Type  Locality 

“South  Australia"  (Thomas,  1 889).  Tate  ( 1951)  stated  that  it  was  from  “South  Australia",  purchased  from 
Gerrard,  a dealer.  Tate  (1951)  further  explained  that  at  the  time  of  the  purchase  of  the  holotype  specimen 
“South  Australia"  had  extended  north  to  the  Gulf  of  Carpentaria  and  Arnhemland.  Only  after  1 909  did  the 
boundary  of  South  Australia  contract  below  26<'S.  It  seems  reasonable  then,  that  this  tropical  species  came 
from  what  is  now  recognised  as  the  Northern  Territory. 

Diagnosis 

Zyzomys  argurus  differs  from  other  Zyzomys  spp.  by  averaging  smaller  in  all 
measurements  (Table  1);  M3  posterior  cusp  further  from  its  labial  cusp;  concavity  on 
posterior  loph  of  M,  and  M2  more  pronounced. 

It  also  differs  from  Z woodwardi  by  having  tail  to  vent  longer  than  head  to  vent  length 
(Figure  2);  thenar  pad  shorter  relative  to  pes  length  (Figure  5);  occipital  condyles 
noticeably  anterior  to  posterior  point  of  occipital,  more  scale  rows  per  cm  of  tail  length 
relative  to  tail  length  (Figure  4). 

It  also  differs  from  Z pedunculatus  by  its  shorter  ears  relative  to  head  to  vent  length 
(Figure  3);  less  heavily  furred  tail;  generally  fewer  number  of  scale  rows  per  cm  of  tail 
length  relative  to  tail  length  (Figure  4);  shorter  (and  less  inflated)  bulla  relative  to  skull 
length  (Figure  6);  anterior  edge  of  zygomatic  plate  without  marked  dorsal  projection;  M^ 
anterior  lingual  cusp  smaller  rather  than  longer  than  M^  anterior  lingual  cusp;  M^ 
posterior  cusp  mediad  and  not  labial. 

It  also  differs  from  Z maini  by  having  its  ears  generally  shorter  relative  to  head  to  vent 
length  (Figure  3);  M^  shorter  relative  to  M ‘-M^  length  (Figure  8);  M ,-M3  shorter  relative 
to  interorbital  width  (Figure  9). 

It  also  differs  from  Z palaialis  in  having  tail  to  vent  length  longer,  rather  than 
subequal,  to  head  to  vent  length  (Figure  2);  M'-M^  shorter  relative  to  palatal  length 
(Figure  7);  M,-M3  shorter  relative  to  interorbital  width  (Figure  9);  anterior  palatal 
foramen  narrower,  not  edged  at  external  margin  by  a sharp  low  palatal  ridge. 

Description 

Skull  and  teeth  (means,  mm)  (Figures  II,  16) 

Skull  short,  29.4;  dorsal  profile  as  for  other  Zyzomys  spp.;  rostrum  length  moderate  as 
judged  by  the  infraorbital  fissure  to  tip  of  nasal  length  of  8.9;  nasal  generally  reaches 
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Figure  16  Skull  and  dentary  of  Z argurus:  ventral  view  of  skull  as  stereopairs.  Scale  line  5 mm. 
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slightly  anterior  of  premaxilla;  lacrimals  moderate  size;  braincase  depth  moderate, 
braincase  inflation  moderate;  anterior  frontal  with  very  slight  depression;  anterior 
palatine  foramen  moderately  wide,  narrowing  only  slightly  posteriorly,  premaxilla- 
maxilla  suture  situated  at  approximate  anterior  one-third  of  the  foramen  length,  projects 
posteriorly  level  with  or  at  the  mid  point  of  the  anterior  loph  of  Mh  palate  external  to 
anterior  palatine  foramen  smoothly  rounded  and  without  a lateral  longitudinal  ridge; 
postpalatal  spine  moderate  length,  blunt  triangular  shape;  bulla  short,  moderately 
inflated;  postsquamosal  sinus  varies  greatly  in  shape  from  absent  to  long  and  narrow  and 
open  posteriorly  to  moderately  large  and  closed  posteriorly;  incisors  moderately 
opisthodont;  zygomatic  plate  anterior  margin  almost  vertical  or  slightly  concave, 
moderately  close  to  rostrum  (infraorbital  fissure  not  particularly  wide);  distance  between 
upper  molar  rows  narrowing  moderately  anteriorly;  upper  molars  with  very  small  labial 
cusps  occasionally  on  M ^ anterior  and  middle  loph  and  anterior  loph;  M lingual 
cusps  distinct  and  functional,  M ‘ anterior  loph  elongate  anteriorly  and  frequently  has  a 
tiny  anterior  cingular  cusplet;  posterior  cusp  mediad;  lingual  cusps  subequal  in 
size;  anterior  and  middle  cusp  close;  loph  bifurcate;  Mj  and  M2  loph  margin 
posterior  with  pronounced  concavity;  M3  posterior  loph  turned  slightly  lingually  such 
that  generally  further  spaced  from  labial  cusp  than  in  other  Zyzomys  spp. 

EXTERNALS 

Pelage  and  Skin  Colour  (Described  from  ‘puppef  skins). 

Overall  dorsal  fur  colour  varies  from  Clay  Color  (topotype  Z.  a.  indutm,  E.  Kimberley 
WAM  M1607,  field  No  9595  of  J.P.  Rogers)  to  Wood  Brown  (Pilbara,  WAM 
M 19906)  to  Hair  Brown  (W.  Kimberley,  WAM  M 15563)  and  many  shades  of  colours  in 
between.  Dorsal  hairs  range  in  length  from  7 mm  between  ears  to  9 mm  in  middle  and 
posterior  regions;  basal  three-quarters  of  hairs  Neutral  Gray,  most  tipped  with  colours 
described  above  but  also  some  with  Chaetura  Drab.  Extent  of  darker  tipping  of  dorsal 
hairs  appears  to  vary  with  geography.  It  is  more  pronounced  in  specimens  from  the 
moister  northwestern  Kimberley,  less  so  from  the  Pilbara  region  and  even  less  again 
from  the  E.  Kimberley.  Hairs  on  flanks  up  to  9 mm  long,  similar  colour  to  dorsum  but 
without  or  with  greatly  reduced  dark  tipping  to  hairs.  Hairs  on  forehead  similar  in  colour 
to  dorsum  but  basal  hairs  lighter  grey,  with  WAM  M 16107  Pale  Gull  Gray.  Hairs  on 
throat  and  chest  short.  White  in  the  ‘lighter’  coloured  forms.  However,  in  the  ‘darker’ 
form  from  Mitchell  Plateau.  N.W,  Kimberley  the  basal  one-third  of  all  but  the  central 
region  of  the  throat  and  chest  are  Light  Gull  Gray.  Hairs  on  the  venter  of  the  ‘darker’  and 
‘intermediate  coloured’  forms  are  light  Gull  Gray  tipped  with  White,  while  those  of  the 
‘lighter’  forms  from  E.  Kimberley  are  White  only.  Ears  lightly  haired  on  external  surface 
and  margins  of  internal  surface  with  short  Vinaceous-Buff  to  Wood  Brown  hairs,  1 mm 
long.  Hairs  on  dorsal  surface  of  pes  and  manus  White.  Tail  lightly  haired,  scales  clearly 
visible.  On  dorsal  surface  of  tail  hairs  Buffy  Brown  to  Clove  Brown;  ventrally  hairs 
White.  For  basal  one-third  of  tail  hairs  1 .8  mm  long,  more  distally  up  to  5 mm  long.  On 
each  side  of  face  25  long  (up  to  45  mm)  posterodorsal  mysticial  vibrissae,  usually  Dark 
Olive  tipped  with  White,  and  20  short  (up  to  20  mm),  White  anterior  mysticial  vibrissae; 
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two  Dark  Olive  supraorbital  vibrissae,  up  to  20  mm  long;  and  two  to  three  White  ulnar 
carpal  vibrissae,  up  to  6 mm  long.  Skin  of  pes  and  manus  Honey  Yellow.  Skin  of  ear 
Olive  Brown. 

Pes  (Figure  10) 

Interdigital  pad  at  base  of  digit  I of  variable  shape,  usually  oval,  subequal  in  size  and 
posterior  to  other  interdigital  pads  occasionally  with  small  accessory  external  pad; 
interdigital  pad  at  base  of  digit  II  oval  to  rectangular  shaped,  slightly  posterior  to 
interdigital  pad  between  digits  111  and  IV,  which  varies  from  subrectangular  to  kidney 
shaped,  interdigital  pad  of  digits  111  and  IV  varies  from  clearly  anterior  to  interdigital 
pad  of  digit  V,  to  its  posterior  one-quarter  overlapping  with  this  latter  pad;  interdigital 
pad  of  digit  V oval  to  kidney  shaped,  usually  with  moderate  sized  external  accessory  pad. 
Thenar  pad  elongate  but  variable  in  shape  from  subrectangular  to  almost  kidney  shaped, 
short,  2.9  ± 0.31  (x  ± SD),  c.  22  posterior  to  interdigital  pad  of  digit  I;  hypothenar  pad 
suboval,  usually  slightly  smaller  than  interdigital  pad  of  digit  1;  overlapping  posterior 
margin  or  posterior  one-third  of  interdigital  pad  of  digit  I;  all  pads  smooth. 

Tail  (Figure  17) 

Tail  to  vent  length  (TV)  1 00.9  ± 1 2.58(80.0-1 2 1 .7)  subequal  to  head  to  vent  length  96.6  ± 
12.61  (73.0-124.2).  Number  of  scale  rows  per  cm  of  tail  length  (SCALES)  high  12  ± 2.3 
(6-17).  Shorter  tails  have  more  scale  rows  per  cm.  The  relationship  is  SCALES  = -0. 152 
TV  + 28.122  (Fj24  = 104.37,  P«0.001).  Tail  frequently  incrassate  at  base. 


Figure  17  Dorsal  view  of ‘puppet’  skin  of  specimen  of  Z argurus. 
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Distribution 

Specimens  examined  were  from  Pilbara  and  Kimberley  regions  and  adjacent  offshore 
islands  of  Western  Australia  and  northern  part  of  Northern  Territory  (Figure  22).  As 
noted  in  the  Introduction,  the  species  also  occurs  in  the  northern  parts  of  Queensland, 
excluding  the  northern  half  of  Cape  York  Peninsula. 

Remarks 

The  form  Z argurus  indutus  is  not  considered  subspecifically  distinct  from  Z argurus. 
Measurements  of  a Z a.  indutus  topotype,  WAM  M 16 107:  field  No.  9595,  collected  by 
J.  P.  Rogers  during  the  period  he  collected  the  holotype,  fall  within  the  range  of  those  for 
Z argurus  and  there  appear  to  be  no  substantial  shape  differences.  Tate  (1951)  stated 
that  he  was  not  wholly  satisfied  with  the  synonymizing  of  indutus  with  argurus 
principally  because  of  the  lack  of  grey  bases  in  the  white  hairs  of  the  ventral  surface  of 
indutus.  However,  in  the  series  of  Z argurus  examined  by  me  there  are  a range  of 
intermediate  colour  forms  ranging  from  no  basal  grey  on  ventral  hairs  to  grey  base  on 
abdominal  hairs  only,  to  grey  base  on  abdominal,  chest  and  throat  hairs. 


Zyzomys  maini  sp.  nov. 

Table  1,  Figures  2-11,  18-19 

Holotype 

Northern  Territory  Museum,  NTM  (CAWC)  M 1002.  Adult  female,  body  in  ethanol,  skull  separate. 

Type  Locality 

Djawamba  Massif,  1.5  kmeastof  Ja  Ja  Billabong,  Northern  Territory,  12^3rS,  132*54'E;  altitude  c.  150 
m.  Collected  by  A.  Kerle  on  26  August  1979  who's  notes  record  the  habitat  as  '‘amongst  large  boulders  of 
creek  down  edge  of  large  sandstone  outlier,  no  grass,  monsoon  forest”.  This  locality  has  been  described  by 
Burgman  and  Thomson  (1982)  as  closed  forest  restricted  to  ravines  and  watercourses  of  the  Kombolgie 
formations  with  dominant  trees  up  to  24  m high  of  Calophylluni  sit.  Allosyncarpia  ternma  up  to  29  m high 
and  Syzygium  ruhiginosum  up  to  24m  high.  Shrub  understorey  usually  absent  and  with  a poorly  developed 
herb  and  grass  layer.  Dianella  caerulea,  Smilax  australis  and  Flagellaria  inciica  usually  present. 

Diagnosis 

Zyzomys  maini  differs  from  Z woodwardi  in  averaging  smaller  in  almost  all 
measurements  (Table  1);  tail  length  subequal  rather  than  shorter  than  head  to  vent 
length  (Figure  2);  thenar  pad  generally  shorter  relative  to  pes  length  (Figure  5);  M‘-M^ 
shorter  relative  to  palatal  length  (Figure  7);  M1-M3  shorter  relative  to  interorbital  width 
(Figure  9).  M-  anterior  lingual  cusp  closer  to  its  adjacent  lingual  cusp. 

It  differs  from  Z pedunculafus  by  having  the  general  pelage  colour  ‘grey  brown’  rather 
than  ‘light  brown’;  thenar  pad  generally  longer  relative  to  pes  length  (Figure  5);  M‘-M^ 
generally  shorter  relative  to  palate  length  (Figure  7);  interorbital  width  generally  larger 
5.2  (4,5-5. 6)  V.  4.9  (4.6-5. 2);  M1-M3  shorter  relative  to  interorbital  width  (Figure  9); 
anterior  lingual  cusp  smaller  rather  than  larger  than  anterior  lingual  cusp. 
posterior  cusp  mediad  and  not  labial. 
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It  differs  from  Z argurus  by  averaging  larger  in  all  measurements  (Table  1);  M3 
posterior  cusp  closer  to  its  labial  cusp;  ears  generally  longer  relative  to  head  to  vent 
length  (Figure  3);  longer  relative  to  length  (Figure  8);  MJ-M3  longer  relative 

to  interorbital  width  (Figure  9);  concavity  on  posterior  margin  of  M,  and  M2  less 
pronounced. 

It  differs  from  Z palatalis  by  having  orbital  to  nasal  length  shorter  1 1.5  ( 10.3-12.7)  v. 
12.9;  M^-M^  shorter  6.0(5.4-6.4)  v.  6.9;  M'  shorter  2.8  (2.6-3.  l)v.  3.6;  M'  narrower  1.7 
(1.5-1. 9)  V.  2.1;  bulla  shorter  4.1  (3. 5-4.6)  v.  4.8;  tail  to  vent  length  generally  subequal 
rather  than  shorter  than  head  to  vent  length  (Figure  2);  anterior  palatine  foramen 
narrower,  not  edged  externally  by  sharp  low  palatal  ridge. 

Description 

Skull  and  teeth  (means,  mm)  (Figures  II,  18) 

Skull  moderate  length,  35.2,  dorsal  profile  slightly  more  convex  than  other  Zyzomys 
spp.,  sloping  downwards  slightly  more  in  the  region  of  the  interparietal;  rostrum  length 
long,  infraorbital  fissure  to  tip  of  nasal  length  1 1.5;  nasals  extend  anterior  to  premaxilla 
by  as  much  as  0.5;  lacrimals  large,  inflected  upwards;  braincase  depth  moderate, 
braincase  little  inflated;  anterior  frontal  with  slight  depression;  anterior  palatine  foramen 
wide,  narrowing  only  slightly  anteriorly  and  posteriorly,  premaxilla-maxilla  suture 
situated  at  anterior  one-third  to  one-quarter  of  foramen  length;  anterior  palatine 
foramen  projects  posteriorly  level  with  or  at  mid  point  of  the  anterior  loph  of  M ';  palate 
external  to  anterior  palatine  foramen  smoothly  rounded  and  without  a lateral 
longitudinal  ridge;  postpalatal  spine  small,  rounded  to  sharply  triangular;  bulla  short, 
slightly  inflated;  postsquamosal  sinus  varies  from  absent  to  short  and  open  posteriorly; 
incisors  moderately  opisthodont;  zygomatic  plate  anterior  margin  almost  vertical  or 
slightly  concave,  moderately  close  to  rostrum  (infraorbital  fissure  not  particularly  wide); 
distance  between  upper  molar  rows  narrowing  slightly  anteriorly;  upper  molars  with 
very  small  labial  cusps  occasionally  on  M’  anterior  and  middle  loph  and  M^  anterior 
loph:  M'  M-^  lingual  cusps  distinct  and  functional,  M'  anterior  loph  elongate  anteriorly 
and  frequently  has  a tiny  anterolingual  cingular  cusplet;  M-^  posterior  cusp  mediad;  M^ 
and  M-'  lingual  cusps  subequal  in  size;  M-  anterior  and  middle  cusps  close;  M j and  M2 
posterior  loph  margin  slight  to  moderately  concave;  M,  anterior  loph  bifurcate. 

EXTERNALS 

Pelage  and  Skin  Colour  (Described  from  'puppet  skins’). 

Overall  dorsal  fur  colour  varies  from  Hair  Brown  to  Snuff  Brown.  Dorsal  hairs  range 
in  length  from  8 mm  between  ears  to  10-12  mm  in  middle  and  posterior  regions,  basal 
three-quarters  of  hairs  Neutral  Gray,  most  tipped  with  Snuff  Brown  or  Hair  Brown, 
occasional  hairs  tipped  with  Clove  Brown  or  Black  to  produce  a slightly  speckled 
appearance.  Hairs  on  flanks  up  to  12  mm  long,  basal  three-quarters  Pale  Neutral  Gray 
tipped  with  Vinaceous-Buff  or  Avellaneous.  Ventral  hairs  up  to  7.5  mm,  basal  one- 
quarter  to  one-half  Pale  Mouse  Gray  tipped  with  White.  Hairs  on  forehead  with 
‘grizzled’  appearance,  up  to  6 mm  long,  similar  colours  to  dorsum  but  interspersed  with 
Black  hairs,  some  tipped  with  White.  Hairs  on  throat  White,  1.5  mm  long;  on  cheek 
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Figure  18  Skull  and  dentary  of  Z.  ma/>?/sp.nov.,  holotype;  ventral  view  of  skull  as  stereopairs.  Scale  line  5 
mm. 
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Figure  19  Dorsal  view  of ‘alcoholic'  specimen  of  Z maini  sp.  nov.,  holotype. 


basal  one-half  Neutral  Gray  tipped  with  Pinkish  Buff,  1.2  mm  long.  Ears  lightly  haired 
on  external  surface  and  margins  of  internal  surface  with  short  Tawny  Olive  or  White 
hairs,  1 mm  long;  hairs  on  pes  and  manus  White,  2 mm  long. 

Tail  lightly  haired,  scales  clearly  visible.  On  dorsal  surface  of  tail  hairs  Saccardo 
Umber  or  Light  Pinkish  Cinnamon,  tipped  with  White;  ventrally  hairs  White  for  basal 
one-third  of  tail,  3 mm  long,  more  distally  up  to  10  mm  long.  On  each  side  of  face 
approximately  50  mystical  vibrissae  posterodorsally  Black  tipped  with  White,  up  to  60 
mm  long,  anteroventrally  White,  up  to  25  mm;  two  Black  supraorbital  vibrissae,  up  to  30 
mm  long;  and  two  White  ulnar  carpal  vibrissae,  up  to  10  mm.  Skin  of  pes  and  manus 
Honey  Yellow.  Skin  of  ear  Isabella  Color. 

(Figure  10) 

Interdigital  pad  at  base  of  digit  I oval,  slightly  smaller  than  and  posterior  to  other 
interdigital  pads,  with  two  small  external  accessory  pads  in  holotype;  interdigital  pad  at 
base  of  digit  II  oval  with  small  external  accessory  pad  in  holotype;  interdigital  pad  at 
base  of  digit  II  oval  shaped,  slightly  posterior  to  interdigital  pad  between  digits  111  and  IV 
which  is  subtriangular  and  almost  completely  anterior  to  interdigital  pad  of  digit  V.  This 
latter  pad  kidney  shaped  with  small  posteroexternal  pad  in  holotype,  subequal  in  size  in 
interdigital  pads  of  digits  III  and  IV  and  of  digit  II.  Thenar  pad,  subrectangular,  short, 
4.5  ± 0.64  (x  ± SD),  c.  2 posterior  of  interdigital  pad  of  digit  I;  hypothenar  pad  oval, 
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subequal  in  size  to  interdigital  pad  of  digit  I,  overlapping  posterior  margin  of  interdigital 
pad  of  digit  I.  All  pads  smooth. 

Tail  (Figure  19) 

Tail  to  vent  length  121.4  ± 6.99  (1 16.0-130.0)  subequal  to  head  to  vent  length  121,1  ± 
13.21  (99.0-135.0).  Number  of  scale  rows  per  cm  tail  length  low  8 ± 1.0  (7-9).  Tail  swollen 
and  incrassated  at  base. 

Distribution 

Specimens  examined  are  all  from  the  central  north  of  the  Northern  Territory  in  the 
region  of  the  East  and  South  Alligator  Rivers  (Figure  22).  They  are  all  found  on  outliers 
of  the  stony  Arnhem  Land  escarpment.  Three  specimens  from  Unbalanja  Hill,  near 
Oenpelli,  discussed  by  Johnson  (1964),  have  body  measurements  a little  larger  than  Z. 
maini  but  would  appear  to  be  attributable  to  this  new  species. 

Etymology 

Named  after  Professor  A.R.  Main,  recently  retired  from  the  Zoology  Department, 
University  of  Western  Australia,  in  recognition  of  his  contribution  to  our  understanding 
of  the  biology  of  Australian  mammals  and  their  conservation,  both  through  his  own 
studies  and  those  of  his  students. 

Zyzomys  palatalis  sp.  nov. 

Table  1,  Figures  2-11,  20-21 

Holotype 

Northern  Territory  Museum,  NTM  U1388  adult  (pregnant)  female,  body  in  ethanol,  skull  separate. 

Type  Locality 

Northern  Territory,  Echo  Gorge,  Wollogorang  Station,  17'U2'S,  I37'>41'E;  altitude  180  m.  Elliott 
trapped  by  D.G.  Langford  on  10  June  1987  in  Eucalyptus  dichromophloia  association  on  sandstone  in 
deep  gorge.  Also  E.  miniata  and  ground  cover  of  Pleirachne pungens  and  Triodia  microstachya.  About 
100  m distant  was  a patch  of  vine  thicket  elements  with  Ficus  sp.,  Terminalia  carpentariae,  Owenia 
vernicosa  and  Buchanania  obovata  prominent,  including  a number  of  fruiting  trees. 

Diagnosis 

Some  dental  measurements  for  the  two  juvenile  paratypes  of  Zyzomys  palatalis  are 
presented,  (in  square  brackets). 

Zyzomys  palatalis  differs  from  Z.  woodwardi  in  having  anterior  palatine  foramen 
generally  longer  relative  to  palatal  length:  0.396  v.  0.349  (0.313-0.397);  anterior  palatine 
foramen  broader,  edged  at  external  margins  by  a sharp  low  palatal  ridge;  lingual  cusps 
large,  decrease  in  size  posteriorly  rather  than  subequal  in  size;  bulla  longer  relative  to 
greatest  skull  length  (Figure  6). 

It  differs  from  Z.  pedunculatus  by  its  less  heavily  furred  tail;  fewer  scale  rows  per  cm  of 
tail  length  relative  to  tail  length  (Figure  4);  general  pelage  ‘grey  brown’  rather  than  ‘light 
brown’;  shorter  ears  relative  to  head  to  vent  length  (Figure  3);  posterior  cusp  mediad 
rather  than  labial;  zygomatic  plate  anterodorsal  edge  more  or  less  straight,  does  not 
project  markedly  forward,  orbit  to  nasal  longer  12.9  v.  1 1.5  (10.3-12.6);  M'-M^  longer 
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6.9  [6.5,  6.6]  V.  6.4  (6.2-6,6);M'  longer  3.6  [3.4,  3.5]  v.  3.1  (2. 8-3. 4);  anterior  palatine 
foramen  generally  longer  7.6  v.  7.2  (6. 5-7.6);  anterior  lingual  cusp  subequal  rather 
than  larger  than  anterior  lingual  cusp. 

It  differs  from  Z.  argurus  in  exceeding  the  maximum  values  for  most  measurements 
of  that  species  (Table  1);  tail  to  vent  length  shorter,  rather  than  subequal,  to  head  to 
vent  length  (Figure  2).  M '-M-^  longer  relative  to  palatal  length  (Figure  7);  Mj-Mj  longer 
relative  to  interorbital  width  (Figure  9);  concavity  on  posterior  loph  of  M,  and  M2 
slight  rather  than  pronounced. 

It  differs  from  Z.  maini  by  having  orbit  to  nasal  longer  12.9  v.  1 1.5  (10.3-12.7); 
M'-M^  longer  6.9  [6.5,  6.6]  v.  6.0  (5. 4-6. 4);  M'  longer  3.6  [3.4,  3.5]  v.  2.8  (2.6-3. 1);  M' 
wider  2. 1 v.  1.7(1 .5- 1 .9);  bulla  longer  4.8  v.  4. 1 (3. 5-4.6);  tail  to  vent  shorter,  rather  than 
subequal  to  head  to  vent  length  (Figure  2),  anterior  palatine  foramen  wider,  edged 
externally  by  sharp  low  palatal  ridge. 

Description 

Skull  and  Teeth  (Figures  1 1,  20) 

Skull  moderate  length,  holotype  35.8;  dorsal  profile  moderately  curved;  rostrum 
short,  infraorbital  fissure  to  tip  of  nasal  length  in  holotype  12.9;  nasal  extends  anterior 
to  premaxilla  in  holotype  by  0.6;  lacrimals  large,  inflected  upwards;  braincase  depth 
moderate,  braincase  little  inflated;  anterior  frontal  with  slight  depression;  anterior 
palatine  foramen  wide,  narrowing  only  slightly  anteriorly  and  posteriorly;  premaxilla- 
maxilla  suture  situated  at  anterior  one-third  of  the  foramen  length;  anterior  palatine 
foramen  projects  posteriorly  level  with  midpoint  of  anterior  loph  of  M ';  maxillary  part 
of  palate  anterior  to  M ' and  external  to  anterior  palatine  foramen  raised  to  a low  (c.  0.5) 
ridge  that  is  sharp  edged  for  its  anterior  half  (also  very  pronounced  in  the  juvenile 
paratypes);  postpalatal  spine  large,  bluntly  triangular;  bulla  moderately  long, 
moderately  inflated;  postsquamosal  sinus  of  holotype  moderately  long,  1.3,  inferior 
arm  of  squamosal  edging  sinus  narrow,  subequal  to  width  of  sinus,  open  posteriorly; 
incisors  very  opisthodont  as  a result  (and  combined  with  the  long  anterior  palatine 
foramen)  when  viewed  vertically,  the  palate  visible  anterior  to  this  foramen  relatively 
much  less  than  in  other  Zyzomys  spp;  zygomatic  plate  of  holotype  wide,  anterior 
margin  slightly  concave  with  slight  dorsal  blunt  projection,  not  close  to  rostrum 
(infraorbital  fissure  moderately  wide);  distance  between  upper  molar  rows  narrowing 
slightly  anteriorly;  upper  molars  with  very  small  labial  cusps  on  M’  and  lophs;  M‘ 
to  lingual  cusps  distinct  and  functional,  M‘  anterior  loph  elongate  anteriorly  with 
small  anterior  cingular  shelf;  and  M^  lingual  cusps  decrease  in  size  posteriorly; 
anterior  and  middle  cusps  separate;  M-^  posterior  cusp  mediad;  M,  and  M2  posterior 
loph  margin  slightly  concave;  M|  anterior  loph  bifurcate. 

EXTERNALS 

Pelage  and  Skin  Colour  (Described  from  carefully  dried  holotype  ‘alcoholic’ 
specimen). 

Overall  dorsal  fur  colour  Buffy  Brown;  dorsal  hairs  range  in  length  from  10  mm 
between  ears  to  13  mm  in  middle  and  posterior  regions,  basal  two-thirds  of  hairs 
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Figure  20  Skull  and  dentary  of  Z.  palatalis  sp.nov.,  holotype;  ventral  view  of  skull  as  stereopairs.  Scale 
line  5 mm. 
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Figure  21  Dorsal  view  of 'alcoholic'  specimen  of  Z.  palaialis  sp.  nov.,  holotype. 

Neutral  Gray  tipped  with  Cinnamon  Buff  or  Black.  Hair  on  flanks  10  mm  long,  basal 
three-quarters  Neutral  Gray  mostly  tipped  with  Avellaneous  interspersed  with 
occasional  Black  tipped  hairs.  Hairs  on  forehead  similar  in  colour  to  dorsum,  8 mm 
long.  Hairs  of  chest  and  throat  8 mm  long,  with  large  patches  of  White  only,  others  with 
basal  half  Light  Violet  Gray  variously  tipped  with  White  or  with  small  patches  of 
Vinaceous-Buff;  venter  with  hairs  6 mm  long,  basal  half  Light  Violet  Gray  tipped  with 
Vinaceous-Buff;  area  around  anus  and  teats  short  White  hairs.  Ears  lightly  furred 
e.Kternally  with  short  (1  mm)  Black  hairs,  margins  of  internal  surface  with  sparse 
Avellaneous  hairs.  Hairs  on  dorsal  surface  of  pes  and  manus  White  with  small  patches 
of  Tilleul-Buff;  thin  line  of  Citrine-Drab  hairs  on  dorsolateral  external  surface  of  pes; 
colouring  of  dorsum  extends  to  forearm  and  contrast  sharply  with  White  of  manus. 
Tail  lightly  haired,  scales  clearly  visible.  On  dorsal  surface  of  tail  hairs  Olive  Brown, 
basal  one-third  of  tail  with  hairs  4 mm  long,  remainder  of  tail  slightly  more  heavily 
furred  with  hairs  up  to  7 mm  long;  ventral  surface  of  tail  with  White  hairs.  On  each  side 
of  face  c.  20  long  (up  to  65  mm)  posterior  mysticial  vibrissae  Black  or  White  or  Black 
tipped  with  White  and  c.  20  short  (up  to  26  mm).  White,  anterior  mysticial  vibrissae; 
two  Clove  Brown  supraorbital  vibrissae,  up  to  32  mm  long;  and  two  White  ulnar  carpal 
vibrissae  up  to  8 mm  long. 

Skin  of  pes  and  manus  Dark  Olive  Buff.  Skin  of  ears  Chamois  basally  and  Olive  for 
the  distal  two-thirds. 
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Pes  (Figure  10) 

Described  from  holotype. 

Interdigital  pad  at  base  of  digit  I oval  shaped  with  moderately  large  accessory 
external  pad,  located  posterior  to  interdigital  pads  of  digit  II  and  digits  III/  IV,  anterior 
margin,  however,  overlaps  posterior  margin  of  interdigital  pad  of  digit  I,  slightly 
smaller  than  other  interdigital  pads  interdigital  pad  of  digit  II  elongate,  slightly 
posterior  to  interdigital  pad  of  digits  II  and  III  which  is  subtriangular  in  shape; 
interdigital  pad  of  digit  V kidney  shaped  with  moderately  large  external  accessory  pad; 
thenar  pad  oval  shaped,  short  (4.1),  2 mm  posterior  to  interdigital  pad  of  digit  I; 
hypolhenar  pad  suboval,  slightly  smaller  than  interdigital  pad  of  digit  1,  overlapping 
posterior  margin  of  that  pad;  all  pads  smooth. 

Tail  (Figure  21) 

Tail  to  vent  length  considerably  shorter  than  head  to  vent  length  121.0  v.  137,0. 
Number  of  scale  rows  per  cm  of  tail  length  moderate,  9.  Tail  swollen  and  incrassate  at 
base. 

Distribution 

The  two  Northern  Territory  localities  are  in  the  Gulf  Country  close  to  the  border 
with  Queensland. 

Etymology 

The  species  name palatalis  is  Latin  for  pertaining  to  the  palate.  It  is  a reference  to  the 
morphology  of  the  anterior  palatine  foramen  and  the  adjacent  palatal  ridges  of  this 
species. 

Additional  measurements 

The  measurements  of  the  two  juvenile  male  paratypes  NTM  1 144  and  NTM  1 148  are  as  follows:  SL 
29.7,29.0;  BL  — , 24.5;  IFN  10.0,  — ; BD 9.4, 9.5;  IPW 8.7, 8.4;  BW  14.3,  — ; ZW  14.5,  — ; I W 4.9, 4.8;  NW 2.8, 
— ;APF5.6,5.7;MW1I.8;  BUW  12.7, —;  BUL4.4, 4.7;  PL  15.8,  15.8;  PB6.6,6.I;  M‘-M^6.5,6.6; 

6.1;  M3L  1.6,  1.8,  M‘L3.4,  3.5;  M’W  2.0,  2.1;  6.5, 6.4;  CP  15.8,  16.4;  CAL—. 


Statistical  analysis:  results  and  discussion 

Univariate  analysis 

Means,  standard  deviations  and  range  of  the  skull  and  external  characters  for  the  five 
species  are  shown  in  Table  1. 

The  two  factor  MANOVA  resulted  in  no  significant  (P<0.05)  sexual  dimorphism  of 
any  of  the  23  skull  and  6 external  characters.  Only  anterior  palatine  foramen  had  a 
significant  interaction  between  sex  and  species.  Because  of  the  absence  of  sexual 
dimorphism  in  skull  characters  within  species,  males  and  females  were  combined  in  the 
following  analyses. 
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^ 120  126  132  138  144  150  155 


Figure  22  Distribution  of  specimens  of  Zyzomys  spp  used  in  this  study.  Species  codes  as  for  Figure  2. 

Principal  component  analysis 

This  a priori  analysis  was  carried  out  on  skull  characters  of  combined  male  and 
female  adults.  Specimens  with  missing  character  values  were  deleted  from  the  analysis. 
The  analysis  was  run  using  both  scaled  (using  Z values)  and  unsealed  values.  The  results 
were  similar  so  unsealed  values  only  are  presented  in  Figure  23.  Factors  1,  2 and  3 
explain  91.8  per  cent  of  the  observed  variation  (Table  2).  Plots  of  Factors  1 and  2 
(Figure  23a)  show  Z.  argurus,  Z.  woodwarcii,  Z.  pedunculatus  and  Z,  maini  form 
reasonably  discrete  clusters  with  little  overlap.  Z.  /77af>7/ separates  from  Z.  pedunculatus 
and  Z.  argurus  on  Factor  1 which  is  influenced  most  by  those  characters  (Table  2)  that 
reflect  differences  in  overall  size  [skull  length  (SL),  basicranial  length  (BL),  rostrum 
length  (IFN),  braincase  depth  (BD),  interparietal  width  (IPW),  braincase  width  (BW), 
zygomatic  width  (ZW),  interorbital  width  (IW),  palatal  length  (PL),  dentary  length 
(CP)].  While  there  is  considerable  overlap  between  clusters  on  Factor  2,  Z.  maini  again 
is  mainly  separated  from  Z.  pedunculatus  on  this  factor  which  is  influenced  most  by  the 
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Factor  2 


Factor  3 


Figure  23  Principal  component  analysis  based  on  skull  measurements  of  male  and  female  adult  Zyzomys 
spp.  Species  code  as  for  Figure  2 (a)  Factors  I and  2,  (b)  Factors  I and  3.  *,  group  means. 


367 


Taxonomic  appraisal  of  Zyzomys 


variables  relating  to  tooth  size  M^L,  M'L,  M'W,  M1-M3).  Z.  pedunculatus 

separates  from  Z.  woodwardi,  Z.  argurus  and  Z.  maini  on  Factor  3 (Figure  23b)  which  is 
influenced  greatly  by  bulla  length. 

Table  2 Principal  component  factor  scores  produced  by  varimax  rotation  based  on  skull  measurements 

of  adult  Zyzomys  spp.  The  codes  for  the  characters  are  detailed  in  caption  of  Table  I. 


Character 

Factor  1 

Factor  2 

Factor  3 

SL 

.687 

.538 

.453 

BL 

.698 

.494 

.493 

IFN 

.6894 

.419 

.540 

BD 

.675 

.609 

.342 

IPW 

.848 

.274 

.089 

BW 

.691 

.582 

.384 

ZW 

.710 

.563 

.391 

IW 

.768 

.465 

.186 

NW 

.530 

.536 

.502 

APF 

.588 

.378 

.644 

MW 

.610 

.639 

.351 

BUW 

.661 

.580 

.446 

BUL 

.126 

.338 

.884 

PL 

.692 

.518 

.479 

PB 

.572 

.616 

.394 

.518 

.745 

.380 

M^-M^ 

.666 

.628 

.314 

M^L 

.358 

.755 

.331 

M'L 

.438 

.768 

.305 

M'W 

.417 

.767 

.401 

M1-M3 

.427 

.773 

.410 

CP 

.675 

.533 

.487 

CAL 

.608 

.535 

.523 

Variation 

explained  (%) 

85.9 

3.5 

2.4 

Canonical  variate  analysis 

This  analysis  was  used  to  select  the  combination  of  skull  characters  that  best 
discriminate  between  the  five  species  of  Zyzomys.  The  analyses  were  run  using  both 
scaled  (Z  values)  and  unsealed  values.  The  results  were  similar  so  the  unsealed  results 
are  presented  here.  Analysis  showed  that  Functions  I,  2 and  3 explain  a total  of  98 
percent  of  the  variance  (Table  3).  Function  1 separates  Z.  argurus  and  Z.  maini  from 
each  other  and  from  Z woodwardi  and  Z.  pedunculatus  (and  possibly  Z pala(alis) 
(Figure  24a),  Characters  loading  most  heavily  on  Function  I are  skull  length  (SL), 
palatal  length  (PL)  and  upper  molar  row  length  (M'-M-^)  which  reflect  overall  size 
differences.  Function  2 separates  Z pedunculatus  from  other  Zyzomys  spp.  Characters 
loading  most  heavily  on  Function  2 are  basicranial  length  (BL),  anterior  palatine 
foramen  length  (APF),  bulla  length  (BUL),  palate  length  (PL),  palatal  bridge  length 
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(PB)  and  coronoid  to  angular  process  length  (CAL).  These  characters  relate  to  the 
shape  of  the  ventral  aspects  of  the  skull.  Function  3 separates  Z.  maini  from  other 
Zyzomys  spp.  (Figure  24b).  Characters  loading  most  heavily  on  Function  3 are 
interorbital  width  (I  W),  anterior  palatine  foramen  (APF),  bullae  width  (BW),  palatal 
length  (PL),  upper  molar  row  length  (M‘-M^)  and  dentary  length  (CP).  These  are  a 
complex  of  characters  that  indicate  significant  shape  differences. 

Table  3 Standardised  and  unstandardised  (in  brackets)  canonical  variates  based  on  skull 
measurements  of  adult  Zyzomys  spp.  Canonical  variate  scores  are  calculated  as  the  summation 
of  the  products  of  the  unstandardised  canonical  variates  and  the  respective  length 
measurements  plus  the  constant.  The  codes  for  the  characters  are  detailed  in  caption  of  Table  I. 


Character 

Function  1 

Function  2 

Function  3 

SL 

.6592  ( 

.3277) 

.4883  ( 

.2427) 

- .1583  ( 

- .0708) 

BL 

.1954  ( 

.0992) 

- .6179  ( 

- .3137) 

.3826  ( 

.1942) 

IFN 

.1155  ( 

.1268) 

.1121  ( 

.1231) 

.0921  ( 

.101 1) 

BD 

.2188  ( 

.4933) 

.0302  ( 

- .0681) 

.2068  ( 

.4664) 

IPW 

.0402  ( 

.0693) 

.0989  ( 

- .1706) 

- .0960  ( 

-.1656) 

BW 

- .0168  ( 

- .0297) 

- .2956  { 

- .5227) 

.4726  ( 

.8358) 

ZW 

- .2443  ( 

- .2618) 

- .2948  ( 

- .3160) 

- .1015  { 

- .1087) 

IW 

.0272  ( 

.1074) 

- .2102  ( 

- .8300) 

.5196  { 

2.0512) 

NW 

.0130  ( 

.0510) 

.0635  ( 

.2495) 

.4031  ( 

1.5851) 

APF 

.0610  ( 

.1122) 

.5816  ( 

1.0688) 

.8479  ( 

1.5583) 

MW 

- .0737  ( 

- .1240) 

.4281  ( 

.7204) 

- .0908  ( 

- .1528) 

BUW 

.3377  ( 

.5144) 

.1309  ( 

.1994) 

- .8692  ( 

- 1.3242) 

BUL 

.1389  ( 

.4834) 

.8833  ( 

3.0731) 

.0240  ( 

.0835) 

PL 

-2.1598  ( 

-1.8784) 

-1.7502  ( 

-1.5221) 

1.4473  ( 

1.2587) 

PB 

.2493  ( 

.5553) 

.5661  ( 

1.2610) 

.0018  ( 

.0040) 

M'-M’ 

.6453  ( 

2.3449) 

- .3552  ( 

-1.2907) 

- .9340  ( 

-3.3941) 

.4686  ( 

1.3144) 

- .0696  ( 

- .1952) 

- .4706  ( 

-1.3200) 

M^L 

.2941  ( 

2.7821) 

.1966  ( 

1.8601) 

.4306  ( 

4.0735) 

M’L 

- .3549  ( 

-1.7352) 

- .0300  ( 

- .1462) 

.3623  ( 

1.7713) 

MiW 

.1962  ( 

2.0583) 

.3269  ( 

3.4301) 

.2611  { 

2.7389) 

M,-M, 

.4879  ( 

1.9218) 

-.0771  ( 

-.3039) 

- .0466  { 

- .1834) 

CP 

.0502  ( 

.0384) 

- .0178  ( 

-.0136) 

-1.2574  ( 

- .9632) 

CAL 

.2569  ( 

.3461) 

.7384  ( 

.9949) 

- .2966  ( 

- .3996) 

CONSTANT 

-33.8796 

-1.5744 

-9.6865 

Variation  explained  (%) 

81.24 

1 1.28 

5.48 

Phenetic  relationships 

Dendrograms  based  on  skull  and  external  characters,  both  scaled  and  unsealed  (Figure 
25)  show  that  Zyzomys  argurus  is  phenetically  very  distinct  from  the  other  species  of 
Zyzomys, 

On  external  characters  Z.  woodwardi  clusters  with  Z.  palatalis  but  the  relationship 
between  Z.  maini  and  Z.  pedunculatus  varies  slightly  depending  on  scaling  of  values. 
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CV  3 


Figure  24  Canonical  variate  (discriminant)  analysis  of  male  and  female  adult  Zyzomys  spp.  for  (a) 
variates  1 and  2 and  (b)  variates  1 and  3.  Species  codes  as  for  Figure  2. 

On  skull  characters,  Z,  pedunculatus  clusters  with  Z.  palatalis;  Z.  maini  is  added  to 
this  cluster  when  values  are  not  scaled  but  when  scaled,  replaces  Z.  maini  as  the  most 
distant  member  of  the  group  excluding  Z.  argurus. 
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Figure  25  Dendrograms  based  on  Euclidian  distance  and  produced  by  UPGMA  linkage  for  male  and 
female  adult  Zyzomys  spp.  for  both  non-scaled  and  scaled  values.  Z.  w.,  woodwardi;  Z.  pd, 
pedunculatus:  Z.  a,,  argurus;  Z.  m.,  maini  and  Z.  pL,  palatalis. 


Specimens  examined 

Specimens  prefixed  with  WAM,  Western  Australian  Museum;  with  AM,  Australian  Museum;  with 
NMV,  Museum  of  Victoria;  with  SAM,  South  Australian  Museum  and  with  NTM,  Northern  Territory 
Museum  (sometimes  also  with  CAWC,  Central  Australian  Wildlife  Collection  numbers  -now  part  of 
Northern  Territory  Museum  collections).  Specimens  as  S,  skin;  C,  skull;  FA,  fixed  in  10  percent  formalin 
and  preserved  in  75%  ethanol.  Those  specimens  without  preservation  method  indicated  are  (C,  FA).  All 
specimens  are  adult  unless  stated  otherwise, 

Zyzomys  woodwardi 

Western  Australia.  Pauline  Ck/ Bay,  I4<>11'00"S,  126‘>19'00"E,  1 <5,  NMV  C26642.  Nr  Kalumburu: 
14«I5'20''S,  I26»37'20"E,  1 5 1 ?,  WAM  M603IA-B;  14t>I6'l2"S,  I26‘^37'54"E,  1 5,  WAM  M 19922  (S,C, 
FA);  I4<'I7'00"S,  I26"39'00"E,  13  1$,  WAM  (M4I28,  M4I89);  I4«17'40"S,  I26«36'20"E,  131$,  WAM 
M4I26-7;  Bonaparte  Archipelago:  SW  Osborne  I.,  l4«2rOO"S,  125‘'57'00"E,  2 3,  WAM  (M 10410, 
M 10414);  Katersl.,  I4<’28'00"S,  I25"31'20"E,  I 3,  1 $,  WAM  M9331-2;  Biggel.,  14(^3  IW'S,  !25'»09'20"E,2 
3 2 $ WAM  (M9294,  M9299,  M9300,  M9302);  Boongaree  I.,  ISWOO^S,  I25‘M2'40"E,  2 3 2$,  WAM 
(M10424-5,  MI0432-3);  Heywood  Is  (nth),  I5^I8W'S,  I24<'20'00"E,  13  1$.  WAM  (M8492,  M8495); 
Hey  wood  i.,  I5‘M9W'S,  I24'*22'30''E,2  3,  WAM  (M9248,  M925I);  Augustus  I.,  15'>20W'S,  I24*'32W'E, 
231$,  WAM  (M8490,  M9253-4).  Mitchell  Plateau:  I4‘'33'24"S,  I25«50'30"E,  I $,  WAM  M22064; 
14<'35'15''S,  I25M5'40"E,  I $,  WAM  M2193i;  I4‘>35'50"S,  125<»45'55"E,  I $,  WAM  M22078;  14«37'00"S, 
125"52W'E,  23,  WAM  (M2I945,  M2I947);  I4'>40'20"S,  125'>43'40"E,  1$,  WAM  M 15860;  14'»49'00"S, 
I25‘J50'I5"E,  2 $,  (M21965,  M21971);  14<J53'25"S,  125'»44'35"E,  13  1$,  WAM  (M2I845,  M2I849); 
!4'*53'30"S,  I25<*45W'E,  2 3,  WAM  (M21903,  M22056).  Prince  Regent  R.  Reserve:  I5«26'I2"S, 
I25<*36'42"E,  1 $,  WAM  Ml 2263;  I5'*34'2I''S,  I25'>25'03"E,  2 3,  WAM  Ml 2260-1;  I5‘>37'32"S, 
125'>I8'04"E,  13,  WAM  M 12262.  Wyndham,  15'>36'20"S,  I28‘>16'40"E,  l$,WAM  M I6l09(topotype-C, 
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Zyzomys  pedunculatus 

Northern  Territory.  Alice  Springs.  23<'42'00"S,  I33“52'00"E,  4^  2 9 3 ?,  NMV  C509,  NMV  C7806, 
C7590.  S A M M 1 298  (C,  S)  S A M ( M24 1 2,  M 2437)  (C  only)  SA M ( M4379,  M4385-6).  ‘Central  Australia’, 
1 ?,  SAM  M 1 158  (C,  S).  Unknown  locality.  2 9 NMV  (C202,  C7593). 

Zyzomys  argurus 

Western  Australia.  Nr  Kalumburu,  I4»I6'I2"S,  I26»37'54"E,  2^29,  WAM  M 1 19I7-M  1 1920  (S,  C, 
FA).  Mitchell  Plateau;  I4‘'34'00"S.  I25«50'00"E,  I 9,  WAM  M22087;  I4»34'00"S,  I25''50'55"E,  I 3,  WAM 
M22032;  I4''35'I5"S.  I25<>45'45"E,  I <5,  WAM  M22027;  14"35'50"S,  I25"45'55"E,  I $,  WAM  M22080; 
I4‘>36'40''S.  I25'>52'I0''E,  I 9.  WAM  M 1.5613,  I4‘’43'00"S,  I25“47'00"E,  1 ?,  WAM  MI8578;  I4»47'I5"S, 
125"5r55"E,  1 9,  WAM  M2I929;  I4'>49'00"S,  I25"50'25"E,  I 5,  WAM  M21956;  I4«53'25"S,  I25'’44'35"E, 
2319,  WAM  (M22048,  M22060,  M22050);  I4''53'30"S,  I25«45’00"E,  I 9,  WAM  M2I907;  I4“53'40"S, 
I25‘'45'20"E,  I 5,  WAM  M 15616.  Drysdale  River  Nat.  Park:  I4'W00"S.  127«00'00"E,  27.  WAM  M 1418-9 
(Conly);  I5''01'00"S.  I26‘>49'00”E,  I Q I 9,  WAM  M 14186-7.  Nr  Wyndham:  I5"36'20"S,  I28"16'40"E.  1 
WAM  M 16107  (topotype  - S,  C):  I5"38'15"S,  I28"I7'54"E,  I ?.  WAM  MI9766  (S,  P,  C).  Bonaparte 
Archipelago:  Coronation  1..  l5«0r55"S,  124"55'55"E,  I 9 I WAM  M9325-6;  Augustus  1.,  I5“20'00"S, 
124"30'00"E,  I (5.  WAM  M8486.  Prince  Regent  River  Res.,  I5'>34'2I"S,  125''25'03"E.  I 9.  WAM  M 12282. 
CaveSprings,  I5'’32'00"S,  I28"50'00"E.  I 9,  WAM  M 18568,  I 9,  Koolan  I..  16''08'00"S,  I23'>45'00"E,  1 <5, 
W'AM  M6902.  Kildurk  Hmsd,  16"26'00"S,  I29'>37'00"E,  I 9,  WAM  M 19105.  Barrow  1..  20''46'50"S, 
I I5'’23'00"E.  I 5,  WAM  M 12202.  Dampier  Archipelago;  Legendre  Is.  20"23'00'’S,  I I6"52'00"E,  I ?,  WAM 
M 12512  (C  only):  Dolphin  I.,  20"29'00"S.  I I6''50’00"E,  3 9,  WAM  (M23856-7,  M22888);  West  Lewis  L, 
20"35'00"S,  1 16'‘37'00"E,  I ?,  WAM  M 22900  (C  only).  Pyramid  Hmsd,  2I"05'00"S,  I I7''22'00"E.  I 9, 
WAM  10313.  Tambrey,  21  »37'00"S.  I17‘'35’20".  I 9,  WAM  M 19906  (S,  C,  FA).  Woodstock  2 1 ''36'20"S, 
118»58'I0"E.  1 ?,  WAM  M4356(C,  P);21''36'.30"S.  I I8'’57'30"E,  I <5  I 9.  WAM  MI990I-2(S.  C;S,C.  FA); 
2I“38'00"S,  1 18'’56'00"E,  I Q I 9,  WAM  ( M3294.  M3296)(.S,  C.  FA);  21''40'20''S,  II9"02’25"E,  I 9.  WAM 
M 19903  (S.C).  Weeli  Wolli  Spring,  22'*54'45'’S.  I I9«12'40"E,  1 9,  WAM  M 19907  (S.C.FA).  Nr  Mt  Meharry, 
23"ir00"S.  I I8“48'23'’E.  1 9.  WAM  M 16826.  Northern  Territory.  Nr  Nourlangie  Rock,  I2'’5I'00"S, 
132"47'00"E.  I (5,  NMVC25454.  Keep  River  Nat.  Park.c.  16''00'00"S,  I29''I5'00"E.  I <5  2 9,  NTM  (595-7). 
Calvert  R.  Crossing,  c.  16“40'00"S,  I37''24'00"E.  I 5 I 9.  NTM  (Lll  179,  Ml  186).  Woologorang  Stn:  Echo 
Gorge,  I7“12'00"S,  I37»4I'00"E,  3 3 19,  NTM  (Ul  142-3,  UI389-90);  I7''I3'00"S,  I37''57'00"E.  I 3 I 9, 
NTM  (U  1 166-7).  Calvert  Hill  Stn.,  I7''I4'00"S.  I37»20'00"E,  1 9,  NTM  UII88. 

Zyzomys  maini  (holotype  and  paratypes) 

Northern  Territory.  Mt  Borradaile,  I2'>03'00"S,  132''54'00"E,  I 3.  NTM  (CAWC)4287.  Cannon  Hill, 
12“23'00''S,  132“56'00''E,  2 9,  SAM  M 13136,  SAM  9899.  Djawamba  Massif;  1.5  km  E Ja  Ja  Billabong, 
12"3I'00"S,  132»54'00"E.  1 9.  NTM  (CAWC)  M 1002  (holotype);  12"33'00’'S,  I32''55'30"E,  1 3,  NTM 
(CAWC)  1014.  Mudginbarry.  I2''34'00"S.  I32‘'55'00"E.  I 3,  NTM  (CAWC)  1008.  Nr  Nourlangie  Rock,  c. 

1 2"5 1 ’OO^'S,  1 32'>47'00'’E.  5 3 1 9 2 7.  N M V C26606  (C  only),  N M VC25475,  N1  M 0505-6,  S A M 10 1 52-4  (C 
only),  NTM  (CAWC)  248  (C  only). 

Referred  Specimens. 

Nr  Nourlangie  Rock,  c.  I2"5I'00"S,  I32»47’00"E,  2 9,  NTM  203  (S  only),  NTM  CCII  (S  only). 
Mudginbarry  Stn,  I2''34'00"S,  I32''55'00"E,  1 9,  NTM  1009. 

Zyzomys  palaialis  (holotype  and  paratypes) 

Northern  Territory.  Echo  Gorge,  Wollogorang  Stn,  I7“I2’00"S,  137''4I'00"E,  1 9,  NTM  U1388 
(holotype);  2 3,  NTM  (CAWC)  M I 144,  M 1 148  Guveniles). 
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Larval  development  of  Lesueurina  sp.  (Teleostei:  Leptoscopidae) 
with  notes  on  the  occurrence  of  the  larvae  in  a 
south-western  Australian  estuary. 

Francisco  J.  Neira*  and  Daniel  J.  Gaughan* 


Abstract 

The  larval  development  of  the  leptoscopid,  Lesueurina  sp.,  is  described  and  illustrated 
from  material  obtained  from  the  lower  Swan  Estuary,  in  south-western  Australia.  The 
larvae  examined  (2.90-12.04  mm)  are  pelagic,  have  an  elongate,  slender  body,  a short 
head  and  gut  and  42-48  myomeres.  A prominent  ventral  melanophore  on  the  tail,  located 
between  myomeres  29  and  35,  is  the  most  distinctive  character  of  the  pigmentation. 
Larvae  settle  on  sandy  bottoms  at  sizes  over  13  mm,  with  all  fins  developed  and  formed 
fringe  on  the  lips.  The  eyes  are  located  laterally  in  larvae  but  migrate  to  a dorsal  position 
sometime  during  settlement.  Comparisons  with  similar  taxa  and  the  occurrence  of  the 
larvae  in  the  Swan  Estuary  are  also  discussed. 


Introduction 

The  trachinoid  family  Leptoscopidae  occurs  only  in  the  Australasian  region  (i.e. 
Australia  and  New  Zealand)  and  comprises  three  nominal  genera  with  at  least  five 
species  (Fowler  1907;  Nelson  1984;  Watson,  Matarese  and  Stevens  1984;  Last  and 
Edgar  1987).  In  Australia,  members  of  this  family  have  a distribution  extending 
from  North  Stradbroke  Island  in  Queensland  along  the  southern  coast  to  south- 
western Australia  and  also  around  Tasmania  (McCulloch  1915;  Scott,  Glover  and 
Southcotl  1980;  Last,  Scott  and  Talbot  1983).  The  genus  Lesueurina  is  presently 
under  review  by  P.  Last  (CSIRO,  Tasmania)  and  some  of  its  members  appear  to  be 
undescribed,  including  the  species  from  Western  Australia  which  is  the  subject  of 
the  present  study  and  which  has  been  previously  known  as  Crapaialus  arenarius 
McCulloch,  1915,  Adults  of  Lesueurina  species,  which  are  usually  found  buried  in 
shallow  sandy  substrates  off  exposed  coastal  beaches,  are  characterized  by  their  small 
size,  elongated  and  compressed  body,  the  anal  fin  base  longer  than  that  of  the  dorsal  fin, 
dorsally  positioned  eyes  and  pale  coloration.  They  attain  a maximum  length  of  1 10  mm 
(Scott  et  ai  1980;  Last  et  al.  1983). 

Little  is  known  of  the  reproductive  biology  of  any  of  the  leptoscopids  and  their  eggs 
and  larval  stages  have  never  been  described  in  the  literature  (Watson  et  al.  1984).  The 
gonads  of  a sandfish  from  Tasmania,  Lesueurina  platycephala,  are  well  developed  from 
October  to  March  and  running  ripe  between  November  and  December  (P.  Last,  pers. 
comm.) 

This  paper  describes  the  larval  development  of  Lesueurina  sp.  using  material 
collected  in  a south-western  Australian  estuary.  This  also  constitutes  the  first 
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description  of  the  larval  stages  of  a member  of  the  family  Leptoscopidae.  Information 
on  the  occurrence  and  distribution  of  the  larvae  in  the  estuary  is  also  presented. 

Materials  and  Methods 

Material  Examined 

A total  of  52  larvae,  ranging  in  body  length  from  2.90  to  12.04  mm,  one  transformed  larva  (14.41  mm  BL) 
and  one  juvenile  (26.00  mm  BL)  were  analysed  for  pigmentation,  morphometries  and  meristics.  Six  larvae 
were  deposited  in  the  Australian  Museum,  Sydney,  under  the  catalogue  number  1.26990-022. 

Collection  of  Larvae 

Larvae  of  Lesueurina  sp.  were  obtained  from  surface  plankton  samples  collected 
monthly  during  1986  in  the  lower  Swan  Estuary  (Lat  32W'S;  Long  115044'E),  in 
south-western  Australia.  Samples  were  collected  at  night  using  0.5  mm  mesh  paired 
Bongo  nets  of  0.6  m in  diameter.  In  addition,  several  juvenile  and  adult  Lesueurina  sp. 
were  collected  using  a 3.0  mm  mesh  beach  seine  along  the  surf  zone  of  a beach  located 
outside  the  estuary.  Samples  w'ere  fixed  in  10%  formalin  and  specimens  stored  in  70% 
alcohol. 

Measurements  and  Counts 

Larvae  of  Lesueurina  sp.  were  measured  to  the  nearest  0.01  mm  using  a Wild  M8 
dissecting  microscope  fitted  with  an  ocular  micrometer.  Terminology  and  body 
measurements  of  larvae  follow  Leis  and  Rennis  (1983).  All  lengths  except  body  length 
(BL,  mm),  i.e.  the  notochord  length  in  preflexion  and  flexion  larvae  and  the  standard 
length  in  postflexion  larvae,  are  expressed  as  a percentage  of  body  length.  Myomere 
counts  and  ray  counts  of  paired  fins  were  made  on  the  left  side  of  the  body.  Pigment 
refers  to  melanin.  Drawings  were  done  with  the  aid  of  a drawing  tube. 

Sixteen  larval  and  four  juvenile  Lesueurina  sp.  were  cleared  and  double-stained 
following  the  technique  of  Potthoff  (1984),  as  modified  from  Dingerkus  and  Uhler 
(1977),  to  count  fin  rays  and  vertebrae  and  to  determine  the  sequence  of  bone 
ossification.  The  term  “ossified”  refers  solely  to  structures  stained  positively  for  bone. 

Results 

Identification 

Postflexion  larvae  of  Lesueurina  sp.  were  identified  by  the  following  combination  of 
characters,  which  are  unique  among  Western  Australian  fishes:  dorsal  and  anal  fin 
counts  of  32-34  and  37  respectively,  the  longer  base  of  the  anal  fin  than  that  of  the  dorsal 
fin  and  the  thoracic  position  of  the  pelvic  fins  (McCulloch  1915).  The  series  of  larvae 
were  linked  together  using  body  pigment,  fin  ray  counts  and  myomere  number. 

Description  of  the  larvae 

Larvae  of  Lesueurina  sp.  are  characterised  by  their  elongate  and  slender  body,  a round 
and  prominent  head,  a short,  coiled  gut  and  a dermal  sac  which  in  early  larvae  encloses 
most  of  the  body  (Figures  1,2).  During  growth,  the  head  and  trunk  remain  relatively 
short  and  the  tail  becomes  laterally  compressed  and  deeper.  The  smallest  larva  examined 
(2.90  mm),  which  was  not  in  sufficiently  good  condition  to  provide  a reliable  illustration, 
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Table  1 Morphometric  measurements  for  larval  Lesueurina  sp..  Body  intervals  are  expressed  as  a 
percentage  of  body  length,  n,  number  of  individuals.  Means  and  standard  deviations  (in 
parentheses)  are  given  when  n > 1 . Blanks  indicate  character  is  absent.  Specimens  indicated  by  * 
and  **  correspond  to  a transformed  larva  and  a juvenile  respectively.  Individuals  between 
dashed  lines  were  undergoing  notochord  flexion. 


Body 

Length 

(mm) 

Head 

l^ength 

n 

Head 

Width 

Snout 

Length 

Eye 

Diameter 

Body  Depth 
at  Pectoral 
Fin  Base 

Preanal 

Length 

Pre-Anal 

Fin  Length 

Pre-Dorsal 
Fin  Length 

2.90 

1 20.78 

17.20 

3.44 

6.89 

17.20 

27.60 

3.74 

1 15.56 

16.11 

2.67 

9.66 

15.05 

24.17 

4.0(>4.50 

2 16.30(1.32) 

11.17(0.21) 

3.57  (0.44) 

7.15(0.22) 

14.90(0.95) 

21.67(1.09) 

4.504.99 

4 16.02(0.62) 

12.05(0.73) 

2.59  (0.53) 

8.41  (0.36) 

13.32(1.15) 

20.36(1.39) 

5.00-5.49 

7 15.52(1.12) 

13.25  (0.89) 

2.85  (0.48) 

8.09  (0.70) 

16.54(1.41) 

21.90  (0.78) 

5.50-5.99 

6 18.81(3.10) 

14.23(1.56) 

3.14(0.71) 

9.73(1.31) 

17.54(1.20) 

23.06  (2.29) 

6.006.49 

6 22.19(2.83) 

14.33(1.53) 

3.82  (0.60) 

9.62(1.53) 

17.84(1.04) 

27.17(2.79) 

6.506.99 

6 20.62(2.58) 

14.88(1.03) 

4.16(0.90) 

10.19(1.26) 

16.05  (2.79) 

25.67  (2.27) 

7.007.49 

6 20.59(1.65) 

14.41  (1.32) 

4.02  (0.75) 

9.55  (0.81) 

15.68  (0.90) 

24.90(1.70) 

7.507.99 

8 20.86(2.18) 

13.84(1.06) 

4.59  (0.56) 

9.01  (0.82) 

16.31  (1.53) 

26.36  (2.78) 

8.20 

1 19.51 

13.41 

4.88 

8.53 

17.68 

25.60 

8.50-8.99 

2 22.95(0.12) 

13.21(0.20) 

4.21  (0.22) 

9.45  (0.02) 

13.90  (0.43) 

27.33  (0.39) 

49.50  (6.31) 

65.90  (5.93) 

11.56 

1 23.18 

13.58 

5.10 

8.82 

12.28 

27.59 

30.18 

27.12 

12.04 

1 23.42 

15.94 

4.71 

6.51 

14.65 

28.32 

28.48 

32.88 

14.41* 

1 22.55 

14.08 

4.78 

6.25 

14.08 

29.28 

29.84 

30.95 

26.00** 

1 24.34 

16.49 

3.90 

4.68 

12.80 

26.54 

28.11 

32.79 

had  no  traces  of  a yolk  sac.  There  are  42-48  myomeres  (4-7+37-44,  mean  - 45.2;  S.D.  - 
1.67;  n = 40). 

The  head  is  initially  compressed  and  becomes  depressed  and  wider  in  juveniles.  The 
relative  length  of  the  head  increases  from  15%  in  preflexion  larvae  to  about  23%  in 
postflexion  larvae,  whereas  the  relative  width  of  the  head  remains  about  the  same  as 
that  of  the  body  depth  throughout  development  (Table  1).  There  are  no  head  spines. 
The  premaxilla,  maxilla  and  dentary  form  by  5.9  mm  and  are  ossified  by  12  mm.  Small 
villiform  teeth  appear  on  the  dentary  and  premaxilla  by  6.0  mm.  The  fringe  of  cirri, 
which  is  a characteristic  of  the  adults,  are  formed  on  the  lips  by  14  mm.  During 
development,  the  snout  remains  short  and  the  eye  relatively  large.  While  the  eyes  are 
still  located  laterally  in  the  largest  pelagic  larvae  examined,  they  migrate  to  a dorsal 
position  at  some  stage  before  or  during  settlement.  Scales  are  present  in  adults  over  26.0 
mm  BL. 

The  gut  remains  short  and  coiled  during  development  and  the  preanal  length  varies 
between  20  and  29%  (Table  I).  A small  swim  bladder  is  visible  on  the  dorsal  surface  of 
the  gut  in  all  larval  stages  until  it  becomes  obscured  by  the  body  wall  in  Juveniles. 

Notochord  flexion  commences  by  6.0  mm  and  is  complete  by  8.2  mm  (Table  I; 
Figures  IC,  2A).  The  vertebral  elements,  which  start  to  differentiate  from  head  to  tail 
by  8.0  mm,  are  completely  ossified  by  12.0  mm.  All  neural  and  haemal  arches  ossify 
shortly  afterwards.  Forty  five  vetebrae  were  counted  in  those  cleared  and  double- 
stained  larvae  in  which  the  vertebrae  were  clearly  developed. 
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Figure  1 Larvae  ofthesandfish,  Lesueurinasp.,  caught  in  the  lower  Swan  Estuary  in  September  1986.  (A) 
4.47  mm  larva.  (B)  5.94  mm  larva.  (C)  7.43  mm  larva. 

Development  of  Fins 

Preflexion  larvae  of  Lesueurina  sp.  possessed  pectoral  fin  buds.  The  pectoral  fin  rays 
start  to  form  sequentially  from  dorsal  to  ventral  by  7.0  mm  and  all  19-20  rays  are 
formed  by  8.2  mm.  The  rays  of  the  caudal  fin  start  to  appear  during  notochord  flexion 
and  all  5+5  principal  caudal  fin  rays,  with  4/4  procurrent  rays,  are  developed  by  7.0 
mm,  i.e.  before  flexion  is  complete  (Figure  IC). 

The  first  rays  ot  the  anal  fin  appear  on  the  posterior  part  of  the  tail  by  8.3  mm.  These 
form  sequentially  from  tail  to  head  and  all  37  elements  are  present  by  1 1.0  mm  (Figure 
2A,  B).  There  is  no  gap  between  the  anus  and  the  origin  of  the  fully  formed  anal  fin.  The 
first  dorsal  fin  rays  appear  on  the  posterior  part  of  the  tail  shortly  after  the  formation  of 
the  first  anal  rays.  These  also  form  sequentially  from  tail  to  head  and  all  32-34  elements 
are  present  by  1 1 .0  mm.  Neither  dorsal  nor  anal  fins  develop  spines.  Pelvic-fin  buds  are 
visible  in  the  thoracic  region  at  about  9,0  mm  and  all  1,5  rays  are  formed  by  1 1 .0  mm 
(Figure  2C). 

Pigmentation 

Larvae  of  Lesueurina  sp.  remain  lightly  pigmented  during  development.  In  small 
preflexion  larvae,  only  the  eye  and  gut  are  pigmented  and  few  melanophores  are 
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present  ventrally  along  the  tail.  A single  melanophore  at  the  angle  of  the  jaw  and  one  on 
the  gular  region  appear  at  about  6.0  mm  and  7.9  mm,  respectively.  Scattered 
melanophores  appear  on  the  snout,  upper  and  lower  jaws  and  opercular  areas  in  larvae 
over  14.0  mm. 

In  all  larvae,  internal  pigment  is  present  on  the  dorsal  surface  of  the  gut  and  the  swim 
bladder.  A very  conspicuous  internal  stellate  melanophore  is  always  present  on  the 
anterior  surface  of  the  peritoneum  (Figures  1,  2).  Pigment  over  this  area  intensifies 
during  development  and  becomes  obscured  by  the  body  wall  in  juveniles.  A few 
scattered  melanophores  are  also  present  externally  on  the  ventral  surface  of  the  gut  and 
these  increase  in  number  during  development. 

The  dorsal  and  lateral  surfaces  of  the  trunk  and  tail  remain  unpigmented  during 
most  of  development.  A few  scattered  melanophores  appear  in  these  areas  by  14  mm 
and  a series  of  horizontal  rows  of  fine  dark  spots  along  the  trunk  and  tail  are  present  in 
juveniles.  Pigment  on  the  ventral  surface  of  the  tail  consists  initially  of  a single  row  of 
7-15  melanophores  (Figure  I A).  Throughout  development,  the  number  of 


A 


B 


Figure  2 Larvae  of  the  sandsfish,  Lesueurina  sp.,  caught  in  the  lower  Swan  Estuary.  (A)  8.76  mm  larva. 

(B)  1 1.56  mm  larva.  (C)  Ventral  view  of  larva  illustrated  in  B showing  the  thoracic  position  of  the 
pelvic  fins.  The  larvae  illustrated  in  A and  B were  collected  in  October  and  August  1986 
respectively. 
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melanophores  increase  along  the  ventral  surface  of  the  tail  until  they  correspond  to 
about  one  per  myomere.  In  addition,  there  is  one  melanophore  at  the  tip  of  the 
notochord.  This  caudal  melanophore  remains  at  the  lower  base  of  the  caudal  fin  in 
postflexion  larvae  (Figure  2B).  A very  large  and  conspicuous  melanophore,  which 
extends  dorsally  to  the  midline,  is  present  between  myomeres  29  and  35  in  the  ventral 
surface  of  the  tail  in  all  larval  Lesueurina  sp.  (Figures  1 ,2).  This  melanophore  decreases 
in  size  by  14.0  mm  and  is  no  longer  visible  in  juveniles. 

Pigment  appears  on  the  internal  surface  of  the  lower  half  of  the  pectoral  fin  base  by 
7.8  mm.  Pigment  intensifies  in  this  area  by  8.5  mm  and  extends  along  the  lower  six 
pectoral  fin  rays  by  1 1,0  mm  (Figure  2,  B & C).  All  other  fins  remain  unpigmented. 


Discussion 

Larval  Development 

There  are  no  published  descriptions  of  the  larval  development  of  a leptoscopid  in  the 
literature  (see  Watson  et  al.  1984).  Furthermore,  there  are  no  records  of  the 
reproductive  biology  of  members  of  this  Australasian  family.  Although  the 
morphology  and  size  of  the  spawned  eggs  of  Lesueurina  sp.  are  not  known,  all  other 
trachinoid  except  species  of  the  Trichodontidae,  deposit  single  pelagic  eggs  and  their 
larvae  hatch  in  a poorly-developed  stage  at  sizes  between  2.2  and  4.4  mm  (Watson  et  al. 
1984).  Considering  that  spawning  mode,  incubation  period  and  development  at 
hatching  tend  to  be  correlated,  the  size  of  the  smallest  Lesueurina  sp.  collected  during 
this  study  (2.90  mm)  suggest  that  this  species,  as  with  most  trachinoid  species  with  small 
newly-hatched  larvae,  also  spawn  pelagic  eggs.  By  contrast,  trichodontid  fishes  deposit 
a mass  of  demersal  eggs  and  their  larvae  hatch  at  14.7  mm  after  a period  of  incubation 
which  last  between  two  and  12  months  (Breder  and  Rosen  1966;  Watson  et  al.  1984). 

The  larval  development  of  Lesueurina  sp.  is  consistent  with  that  of  other  trachinoid 
fishes  that  have  an  elongate  and  slender  body  (Watson  et  al.  1984).  Larval  Lesueurina 
sp.,  as  in  all  described  trachinoid  larvae,  are  also  pelagic,  do  not  pass  through 
specialized  stages  and  gradually  transform  into  the  demersal  juvenile  at  a length  greater 
than  13.0  mm.  Trachinoid  families  share  some  characters  with  the  suborder  Percoidei, 
from  which  they  are  presumed  to  be  derived,  and  some  with  the  Blennioidei  ( Watson  et 
al.  1984).  While  Percoidei  characters  retained  in  trachinoid  fishes  are  assumed  to  be 
primitive,  those  of  the  Blennioidei  are  assumed  to  be  advanced  (Watson  1984).  In 
the  Leptoscopidae,  both  the  small  size  of  Lesueurina  sp.  larvae  at  hatching  and  their 
pelvic  fin  count  of  1,5  represent  a primitive,  percoid  condition.  By  contrast,  their 
elongate  and  slender  body,  a myomere  number  of  42-48  and  the  early  formation  of  their 
pectoral  fins  w'ith  respect  to  the  dorsal  and  the  anal  fins  could  be  considered  as 
advanced,  blennioid  conditions. 

Compared  to  the  larvae  of  other  trachinoid  families,  those  of  Lesueurina  sp.  share 
most  of  their  characters  with  those  of  the  Trichonotidae,  including  the  light  pigmented 
body  and  the  lack  of  preopercular  spines  (Leis  and  Rennis  1983;  Watson  et  al.  1984). 
However,  apart  from  meristic  and  morphometric  differences,  the  pectoral  fins  in 


m 


Francisco  J.  Neira  and  Daniel  J.  Gaughan 


Lesueurina  sp.  develop  before  and  not  after  the  formation  of  the  dorsal  and  anal  fins  as 
is  the  case  with  trichonotid  larvae  (Leis  and  Rennis  1983;  Watson  et  al.  1984). 

The  lateral  position  of  the  eyes  in  larval  Lesueurina  sp.  are  the  only  apparent 
specialization  during  their  larval  life.  The  eyes  migrate  to  a more  dorsal  position  during 
or  after  settlement  as  the  juveniles  adopt  their  burrowing  habits  in  the  soft  sandy 
bottoms  of  surf  zones.  By  contrast,  there  are  no  obvious  specializations  in  other 
trachinoid  larvae  during  larval  life  (Leis  and  Rennis  1983;  Watson  et  aL  1984).  The 
large  ventral  melanophore  on  the  tail,  which  is  no  longer  visible  in  juveniles,  is  the  most 
valuable  character  for  identifying  Lesueurina  sp.  during  larval  life.  The  light  pigmented 
body  of  larval  Lesueurina  during  their  pelagic  phase  is  reflected  later  in  the  juveniles 
which  are  also  very  pale. 

Similar  Taxa 

Larvae  of  Lesueurina  sp.  are  distinguished  from  other  similar  larvae  by  a 
combination  of  characters  which  include  the  elongate  and  slender  body,  the  short  head 
and  gut,  the  base  of  the  anal  fin  longer  than  that  of  the  dorsal  fin,  42-48  myomeres  and 
the  prominent  tail  melanophore  (Figures  2,  3).  Larvae  of  Lesueurina  sp.  may  resemble 
in  some  respects,  however,  those  of  other  families  with  elongate  larvae  such  as  some 
ophidiid  and  nemophin  blenniid  larvae.  Ophidiid  larvae  can  be  separated  from  those  of 
Lesueurina  sp.  by  their  longer  gut,  their  gadiform  caudal  fin  and  the  presence  of  one  or 
two  rays  on  the  pelvic  fins  (Leis  and  Rennis  1983;  Gordon,  Markle  and  Olney  1984). 
Larvae  of  nemophin  blennies  are  best  distinguished  by  the  heavily  pigmented  head,  the 
large  canines  and  30-135  myomeres  (Watson  1983).  Moreover,  in  contrast  to  the  larvae 
of  Lesueurina  sp.,  those  of  both  the  ophidiid  and  nemophin  blenniid  larvae  have  the 
base  of  the  dorsal  fin  longer  than  the  base  of  the  anal  fin  (Gordon  et  ai  1984;  Matarese, 
Watson  and  Stevens  1984). 

Occurrence  in  the  Swan  Estuary 

Larvae  of  Lesueurina  sp.  examined  in  this  paper  were  found  from  June  to 
November  1986  and  peak  numbers  were  obtained  between  June  and  October.  All 
larvae  were  collected  in  the  area  of  the  lower  Swan  Estuary  between  0.3  and  9.0  km 
from  the  estuary  mouth.  The  newly  settled  larva  of  14.41  mm,  which  was  too  badly 
damaged  to  provide  a reliable  illustration,  was  caught  by  seining  in  the  surf  zone  of  a 
nearby  beach  in  October  1986. 

The  presence  of  most  larval  stages  of  Lesueurina  sp.  in  the  lower  Swan  Estuary  is 
surprising  since  the  adults  have  never  been  recorded  in  this  or  any  other  estuary  in 
Australia  (Chubb  a/.  1979;  Last  a/.  1983;  Loneragan,  Potter  and  Lenanton  1987). 
Moreover,  leptoscopid  larvae  have  never  been  recorded  in  any  of  the  previous 
ecological  studies  on  ichthyoplankton  of  Australian  coastal  waters  (e.g.  Jenkins  1986; 
Ramm  1986;  Miskiewicz  1987;  Steffe  and  Pease  1988).  Although  the  presence  of  these 
larvae  suggest  that  this  species  may  spawn  in  the  lower  Swan  Estuary,  breeding 
probably  occurs  predominantly  in  coastal  marine  waters  adjacent  to  the  estuary  where 
this  species  is  typically  found.  Settlement  of  larval  Lesueurina  sp.  appears  to  occur  at 
sizes  over  13  mm,  as  indicated  by  the  fact  that  the  largest  larva  collected  by  plankton 
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gear  measured  12.04  mm,  whereas  the  smallest  specimen  obtained  in  the  beach  seines 
measured  14.41  mm. 
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The  first  record  of  an  isocrinid  crinoid  from  the  Tertiary  of  Australia 

Gregory  J.  Milner* 


Abstract 

An  isocrinid  crinoid,  tentatively  assigned  to  ?Nielsenicrmus  sp.,  from  the  Paleogene  Cardabia 
Calcarenite.  Carnarvon  Basin,  Western  Australia  is  the  first  record  of  the  group  in  the 
Australian  Tertiary.  Foraminiferal  evidence  dales  the  crinoid  as  late  Paleocene  (mid- 
Thanetian,  planktonic  foraminiferal  Planorotalites  pseudomenardii  Zone  P4).  The  crinoid 
lived  in  an  open  shelf  sea  at  50m  to  1 00m  depth. 


Introduction 

Within  Australia  articulate  crinoids  of  the  Isocrinidae  have  previously  been  described 
only  from  Cretaceous  deposits  in  Queensland  and  New  South  Wales  (eg:  Moore  1870; 
Jack  and  Etheridge  1892,  Etheridge  1901, 1902).  During  recent  stratigraphic  fieldwork  in 
Toothawarra  Creek,  northern  Carnarvon  Basin,  Western  Australia  (latitude  22^  49’  45” 
S and  longitude  114'^  08’  30”  E,  Fig.  1)  crinoidal  remains  were  collected  from  a 
homogenous,  soft,  white,  bryozoal  calcarenite  bed  of  the  Wadera  Member  type-section, 
Cardabia  Calcarenite  (Condon^/ a/.  1956;  Hocking  a/.  1987)  near  the  contact  with  the 
underlying  Boongerooda  Greensand  Member. 
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Many  isocrinids  have  been  assigned  generic  names  on  the  basis  of  stem  elements 
(Rasmussen  1961).  Although  reservations  concerning  this  practice  were  expressed  by 
Moore  as  early  as  1939,  and  later  Donovan  (1984),  it  has  continued,  mainly  because  of 
the  lack  of  diagnostic  calyx  or  cup  elements  in  recovered  material.  Other  than  Moore, 
Jeffords  and  M iller  ( 1 968),  Roux  ( 1 977)  and  Donovan  ( 1 984,  1 988),  few  detailed  studies 
have  been  made  assessing  the  taxonomic  status  of  morphological  criteria  derived  from 
crinoid  columnals.  Hence,  until  more  work  is  done,  perhaps  on  statistical  analysis 
following  LeMenn  (1981)  and  Roux  (1978),  only  tentative  identifications  using  stem 
elements  can  be  made  of  what  are  now  essentially  artificial  morpho-genera. 

Stem  terminology  follows  Moore,  Jeffords  and  Miller  ( 1968),  Roux  (1977),  Ubaghs 
(1978)  and  Webster  (1974).  All  figured  specimens  in  this  paper  (UWA  107682-  107683) 
are  held  in  the  Museum  Collection  of  the  Geology  Department,  the  University  of 
Western  Australia, 


Systematics 

Order  Isocrinida  Sieverts-Doreck  1952 
Family  Isocrinidae  Gislen  1924 
Genus  Nielsenicrinus  Rasmussen  1961 
?Nielsenicrinus  sp. 

Description 

Columnals  smooth  and  relatively  uniform  in  diameter  (c.  3.6  — 4 mm).  Internodal 
plates  ca.  0.7  mm  in  height  with  transverse  section  varying  between  pentalobate  and 
rounded  sub-pentalobate.  Suture  forms  a crenulate  line  due  to  symplectial  articulation. 
Articular  columnal  facet  petaloid,  with  narrow,  lanceolate  areolae  and  subguttiform 
floors  surrounded  by  culmina  and  crenellae  (Figure  2B).  Crenulae  vary  in  length 
between  adradial  and  marginal  areas,  greatest  length  in  radial  marginal  areas, 
diminishing  towards  marginal  and  lumen  areas.  Culmina  few  in  number  with  12 
surrounding  petaloid  zones.  Smooth  perilumen  area  surrounds  narrow,  rounded  axial 
canal  or  lumen  (Figure  2C).  Internodal  plates  number  at  least  10  with  no  complete 
internodal  length  recovered. 

Nodal  plates  higher  (1.5  times  internodal  height),  wider,  more  stellate  in  transverse 
outline  (Figure  2A).  Nodal-infranodal  articulation  symplectial.  Periphery  on  nodal 
distal  facet  slightly  raised.  Always  five  elliptical  cirral  sockets,  occupying  nearly  entire 
lateral  side  of  nodal.  Fulcral  ridge  within  cirral  socket  consists  of  two  prominent, 
horizontally  opposed  triangular  tubercles  connected  to  outward  facing  elliptical  cirral 
pore  via  very  low,  smooth  lateral  ridge  (Figure  2D). 

Remarks 

Stem  morphologies  of  Nielsenicrinus  diVc  not  really  separable  from  those  of  Isocrinus 
according  to  Rasmussen’s  ( 1 978)  descriptions.  Rasmussen  (1961)  distinguished 
Nielsenicrinus  spp.  from  Isocrinus  spp.  using  the  presence  of  syzygial  articulation  in  the 
IlBr3-4  brachial,  whereas  Isocrinus  spp.  possessed  symmorphial  articulation  for  the 
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llBr3-4  brachial.  Since  the  two  genera  are  separated  by  differences  in  calyx  elements 
(absent  in  material  examined),  a confident  generic  allocation  could  not  be  made. 

A lack  of  radial  pores,  common  in  Isocrinus,  a relatively  pentalobate  columnal 
outline,  lanceolate  areolae  and  symplectial  instead  of  syntosial  articulation  between  the 
nodal  and  infranodal  suggest  Nielsenicrinus 1978).  Columnals  of  Paleogene 
age  ascribed  to  Isocrinus  sp.  (Moore  and  Yokes  1953,  Rasmussen  1961,  1978  and 
Klikushin  1982)  tend  to  be  more  stellate  in  outline  with  broader  areolae. 

Examination  of  columnal  descriptions  of  Nielsenicrinus  spp.  by  Rasmussen  (1961) 
show  Nielsenicrinus  fionicus  Nielsen  (Paleocene,  Denmark)  to  be  the  most  similar  to  the 
specimens  from  the  Wadera  Member,  The  main  differences  being  a greater  number  of 
culimina  (up  to  20)  and  the  absence  of  triangular  tuberculations  terminating  the  cirral 
fulcral  ridge  in  N.  fionicus. 

Age  and  depositional  environment  of  the  crinoid 

Foraminifera  extracted  from  the  calcarenite  bed  are  used  to  date  the  crinoidal 
remains.  The  poorly  preserved  planktonic  foraminiferal  assemblage  correlates  with  the 
upper  part  of  the  Planorotalites  pseudomenardii  planktonic  foraminiferal  (P4)  Zone 


Figure  2 ? Nielsenicrinus  sp..  Late  Paleocene,  Wadera  Member-Cardabia  Calcarenite,  Western 

Australia.  (A)  distal  facet  of  nodal,  x 17.2,  UWA  107682.  (B)  proximal  view  of  an  internodal 
articular  face,  x 1 6.4,  U W A 1 07683.  (C)  articular  face  of  internodal,  close-up  of  circular  lumen 
surrounded  by  smooth  perilumen,  x 65.5,  UWA  107683.  (D)  close-up  elliptical  cirral  socket 
showing  elliptical  cirral  pore  and  fulcral  ridge,  x 35.8,  UWA  107682. 
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(Berggren  and  Miller  1988)  of  late  Paleocene  (mid-Thanetian,  ca.  59.8  to  58.8  Ma, 
according  to  the  time-scale  of  Berggren  et  al.  1985). 

The  planktonic  foraminiferal  assemblage  includes  rare  specimens  of  the  age- 
diagnostic  species  Planorotalites pseudomenardii  Bolli  and  A carinina  mckannai  White. 
Other,  less  definitive  species  include  abundant  Subbotina  spp.  and  less  common 
Acarinina  aquiemis  Loeblich  and  Tappan,  Acarinina  convexa  Subbotina  and 
Planorotalites  chapmani  Parr. 

Using  evidence  based  mainly  on  the  associated  benthonic  foraminiferal  assemblage, 
which  equates  to  the  cosmopolitan  Midway-type  fauna  described  by  Berggren  and 
Aubert  (1975),  the  calcarenite  bed  containing  ?Nielsenicrinus  sp.  was  deposited  in  an 
open  shelf  sea  at  a possible  depth  between  50m  and  1 00m  depth.  The  assemblage  is 
dominated  by  rotaliids,  the  most  common  being  Cibicides  spp.,  with  less  common 
Alabamina  midwayensis  (Brotzen),  Gavelinella  danica  (Brotzen),  Gavelinella 
lellingemis  ( Brotzen),  Cibicidoides  alleni  Brotzen  and  Karreria  fallax  Rzehak. 
Bryozoans  are  especially  abundant  and  the  occurrence  of  vinicularform  and  lunlitiform 
types  confirm  the  outer  neritic  bathymetry  (Ryland  1970). 

Modern  analogs  (Murray  1973;  Boltovskoy  and  Wright  1976)  show  the  combined 
presence  of  stenohaline  planktonic  foraminifera,  a predominance  of  rotaliid-type 
benthonic  foraminifera  and  an  abundant  macrofauna  indicate  normal  marine  salinites. 
A diverse  calcareous  benthonic  fauna  and  homogenous,  bioturbated  sediments  suggest 
aerobic  conditions  with  dissolved  oxygen  levels  > 0.3  m L"'  (Thompson  et  al.  1985)  on 
the  sea  floor  and  within  the  upper  part  of  sedimentary  deposit. 
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The  hermit  crabs  (Decapoda:  Anomura:  Diogenidae,  Paguridae)  of 
southwestern  Australia,  with  descriptions  of  two  new  species 

Gary  J.  Morgan* 

Abstract 

Fifteen  species  of  diogenid  and  two  species  of  pagurid  hermit  crabs  are  recorded  from  the 
intertidal  and  subtidai  marine  habitats  of  southern  and  southwestern  Western  Australia. 

A key  to  their  identification  is  provided.  Live  coloration  of  several  species  is  described  for 
the  first  time.  Two  new  species,  Calcinus  dapsiles  and  Diogenes  lophochir,  are  described 
and  figured.  C.  dapsiles  is  the  most  common  hermit  crab  of  this  region. 


Introduction 

The  hermit  crab  fauna  of  Australia  has  been  poorly  documented  and  in  particular 
the  species  of  the  southwestern  coast  have  received  scant  attention.  Except  for  a 
review  of  the  genus  Paguristes  (Morgan  1987a),  there  have  been  no  reports  of  the 
hermit  crab  species  except  for  incidental  mention  in  more  general  publications  (e.g. 
McCulloch  1913;  ‘paguroid’  spp.  in  Black  and  Prince  1983). 

The  present  paper  records  the  hermit  crabs,  families  Diogenidae  and  Paguridae, 
of  the  coast  from  Esperance  (35^52'S,  121'*53'E)  in  the  east  to  Geraldton  (28M6'S, 

1 14^37'E)  in  the  northwest.  This  area  has  been  extensively  sampled  by  the  author 
using  SCUBA,  snorkelling  and  by  hand,  and  this  report  is  based  upon  those 
collections  together  with  holdings  in  the  Western  Australian  Museum  (WAM).  A 
new  species  of  Diogenes  and  of  Calcinus  are  described.  The  exclusively  deepwater 
family  Parapaguridae  is  not  considered  here. 

Shield  length  of  specimens  is  abbreviated  as  SL  and  carapace  length  as  CL. 
Australian  states  are  abbreviated  in  distributions  as  follows:  Western  Australia 
(W.A.),  South  Australia  (S.A.),  Tasmania  (Tas.),  Victoria  (Vic.)  and  New  South 
Wales  (N.S.W.). 

The  diversity  and  biogeographic  affinities  of  the  hermit  crab  fauna  of  the 
southwest  coast  are  discussed.  The  Houtman  Abrolhos  Islands,  lying  60  km  west  of 
Geraldton,  display  an  unusually  high  proportion  of  tropical  faunas  (Montgomery 
1931)  and  are  regarded  here  as  biogeographically  distinct  from  the  southwest 
Australian  coast.  The  Houtman  .Abrolhos  will  be  considered  in  future  revisions  of 
tropical  hermit  crab  faunas. 

Systematics 

Key  to  Genera  and  Species  of  Southwestern  Australian  Hermit  Crabs. 

1.  Third  maxillipeds  approximate  at  bases;  chelipeds 

subequal  or  left  larger  than  right  Diogenidae  2 

* Department  of  Carcinology,  Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia 
6000. 
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Third  maxillipeds  widely  separated  at  bases;  right 

cheliped  much  larger  than  left Paguridae  16 

2.  Male  with  paired  first  and  second  pleopods,  female  with 

paired  first  pleopods Paguristes  3 

Paired  pleopods  absent  in  both  sexes  or  second  pair  only 

paired  on  male 7 

3.  Chelipeds  subequal 4 

Left  cheliped  obviously  larger  than  right 5 

4.  Setae  on  chelipeds  very  long  but  not  obscuring  spines 


Paguristes  longisetosus  Morgan 

Setae  on  chelipeds  moderately  long  and  very  dense, 

obscuring  spines  Paguristes  sulcatus  Baker 

5.  Rostrum  short,  not  exceeding  lateral  projections;  left 

cheliped  with  spines  Paguristes  tuherculatus  Whitelegge 

Rostrum  long,  much  exceeding  lateral  projections;  left 

cheliped  finely  tuberculate  6 

6.  Dactyl  of  right  cheliped  with  irregularly  sized  tubercles 
and  spines;  pereiopods  salmon  with  scattered  red  spots, 

antennae  red-orange Paguristes  frontalis  (H.  Milne  Edwards) 

Dactyl  of  right  cheliped  with  dense,  similarly  sized 

tubercles;  pereiopods  cream-orange  with  dense  red 

speckles,  antennae  purple Paguristes  purpureantennatus  Morgan 


7.  Moveable  rostral  spine  between  ocular  peduncles Diogenes  8 

No  moveable  rostral  spine  9 

8.  Ocular  peduncles  shorter  than  antennal  peduncles  ....  D.  lophochir  sp.  nov. 

Ocular  peduncles  longer  than  antennal  peduncles D.  serenei  Forest 

9.  Chelipeds  forming  operculum;  abdomen  and  uropods 

symmetrical;  male  lacking  pleopods Cancellus  sp. 

Chelipeds  not  forming  operculum;  abdomen  and  uropods 

asymmetrical;  male  with  pleopods 10 

10.  Cheliped  fingers  moving  horizontally;  (live  coloration 
predominantly  green,  green-brown  or  green-blue) 


Clibanarius  virescens  (Krauss) 

Cheliped  fingers  moving  obliquely 11 

11.  Propodus  and  carpus  of  chelipeds  bearing  stridulatory 
ridges;  male  with  paired  pleopods  on  second  abdominal 

segment Trizopagurus  strigirnanus  (White) 

No  stridulatory  ridges  on  chelipeds;  no  paired  pleopods  in 

either  sex  12 
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12.  Ocular  acicles  large  and  broad;  carpus  of  left  cheliped  with 

numerous  spines  on  upper  surface;  tips  of  fingers  corneous Dardanus  13 

Ocular  acicles  slender;  carpus  of  left  cheliped  with 
prominent  tubercle  on  upper  surface;  tips  of  fingers 
calcareous  Calcinus  \5 

13.  Chelipeds  and  second  and  third  pereiopods  with  outer 
faces  ornamented  with  transverse  striae  fringed  by  short 

setae Dardanus  arrosor  (Herbst) 

No  transverse  striae  on  chelipeds 14 

14.  Left  cheliped  distinctly  larger  than  right;  dactyl  and 
propodus  of  third  left  pereiopod  distinctly  flattened 

laterally  and  tessellated Dardanus  crassimanus  (H.  Milne  Edwards) 

Chelipeds  subequal;  dactyl  and  propodus  of  third  left 

pereiopod  not  obviously  flattened  laterally Dardanus  sp. 

15.  Several  marginal  spines  on  left  posterior  lobe  of  telson; 
dactyl  of  pereiopods  2 and  3 with  short  longitudinal 

stripes  of  dark  red-blue  proximally Calcinus  latens  (Randall) 

One  marginal  spine  on  left  posterior  lobe  of  telson;  dactyl 

of  pereiopods  2 and  3 uniformly  pink  proximally... Ca/t7>7W5  dapsiles  sp.  nov. 

16.  Right  cheliped  densely  covered  in  short  plumose  setae; 

male  lacking  long  setae  around  right  gonopore..../^agwrw.s5z>7t/a/w.s(Stimpson) 
Right  cheliped  naked;  male  with  long  setae  around  right 
gonopore  directed  towards  left  side 

Pagurixus  jerviensis  McLaughlin  and  Haig 


Diogenidae 

Paguristes  longisetosus  Morgan 

Paguristes  longisetosus  Morgan,  1987a:  726,  Fig.  I. 

Holotype 

(J,  SL  7.3  mm.  Two  Mile  Beach,  east  of  Hopetoun,  W.A.,  rocks,  shallow  sublittoral,  28  November  1985, 
WAM  1441-86. 

Paratypes 

2 SL  7.3  mm.  5.0  mm,  1 juv.  in  shell,  type  locality,  28  November  1985,  WAM  1442-86;  2 5^,  SL  4.9 
mm,  2.4  mm,  2 $$,  SL  4.3  mm  (ovig.),  2.3  mm,  1 juv..  Frenchmans  Bay,  south  of  Albany,  W.  A.,  shallow 
sublittoral  rocks  and  sand,  19  April  1986,  WAM  1443-86. 

Other  material 

(5,  SL  2.8  mm,  3 99,  SL  3.7  mm,  2.9  mm,  2.9  mm,  Cheyne  Beach,  east  of  Albany,  W.A.,  rocks,  I m,  21 
January  1988,  WAM  139-88;  15  specs,  SL  5.5  mm-3.5  mm,  Quaranup,  south  of  Albany,  W.A.,  sand  and 
Posidonia,  0.5  m,  January  1988,  WAM  446-88;  2 QQ,  SL  5.6  mm,  3.9  mm,  9.  SL  4.3  mm,  Quaranup,  near 
Jetty,  0.5  m,  14  January  1988,  WAM  163-88;  <5,  SL4.3  mm,  9^  SL2.9  mm,  Princess  Royal  Harbour,  Albany, 
W.A.,  26  January  1988,  WAM  137-88. 
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Remarks 

Morphology  and  coloration  of  this  species  are  described  by  Morgan  (1987a).  P. 
longisetosus  is  readily  recognised  by  its  long  setae  and  acute  spines  on  the  chelipeds.  It 
has  been  collected  from  shells  of  Thais  orbita  (Gmelin,  1791),  Nerita  atramentosa 
Reeve,  1855,  Commellaeburnea(RQe\c.  1846),  Phasianella  ventricosaSv^mnson,  1822, 
Thalotia  conica  (Gray,  1827),  Austrocochlea  constricia  (Lamarck,  1822),  Bittium 
granarium  (Kiener,  1842),  Zeacumantus  diemenensis  (Quoy  and  Gaimard,  1834)  and 
Nassarius  pyrrhus  (Menke,  1843). 

Distribution 

Southwestern  Australian  endemic,  known  only  from  Hopetoun  to  Albany,  W.A. 


Paguristes  sulcatus  Baker 

Pagauristes  sukatus  Baker,  1905:  258,  pi.  34  fig.  I,  la;  McCulloch,  1913:  346  (key);  Hale,  1927:  90,  fig.  85 
(after  Baker). 

Material  examined 

S,  SL  3.7  mm,  SL  3.0  mm.  Lucky  Bay,  Cape  Le  Grand  N.P.,  near  Esperance,  W. A.,  rocks,  1-2  m,  27 
November  1985,  WAM  205-88;  3 SQ,  SL  14.5  mm,  14. 1 mm,  9. 1 mm,  9,  SL  4.5  mm.  Little  Bay  in  Two 
Peoples  Bay,  east  of  Albany,  W.A.,  2-3  m,  18  April  1986,  WAM  198-88;  9 specs,  SL  16.5  mm-7.7  mm(mcl. 
ovig.  $,  SL8.9  mm).  Ledge  Point,  near  Gull  Rock,  King  George  Sound,  W.A.,  rocks,  2-3  m,  16  April  1986, 
WAM  199-88;  2 SL  16.3  mm,  16.1  mm,  9.  SL  1 1.4  mm,  west  side  of  Cape  Vancouver,  near  Albany, 
W.A.,  rock,  25  m,  17  April  1986.  WAM  203-88;  5 <35,  SL  9.0  mm  -4.6  mm.  2 99,  SL  5.3  mm.  5.2  mm. 
Frenchmans  Bay.  old  whaling  station,  south  of  Albany,  W.A.,  sand  and  seagrass.  1.5  m,  19  April  1986, 
WAM  206-88;  5 55,  SL  14.6  mm-9.4  mm,  2 99  (ovig.).  SL  12.1  mm,  9.4  mm.  inside  Mistaken  L,  King 
George  Sound,  W.A.,  rocks,  2-3  m,  3 December  1985.  WAM  200-88;  2 99.  SL  14.4  mm,  3,8  mm.  inside 
Shelter  I west  of  Albany,  W.A.,  I December  1985.  WAM  201-88;  2 55,  SL  13.1  mm,  9.8  mm.  Canal 
Rocks,  south  of  Yallingup.  W.  A.,  rocks,  2 m,  6 December  1985.  WAM  202-88;  2 55.  SL  13.8  mm,  9.9  mm. 
9 (ovig.),  SL  12.2  mm.  Cottesloe  Beach,  Perth,  W.A.,  rocky  reef  slope,  2-4  m,  16  January  1986,  WAM 
196-88;  255,  SL  16.6  mm,  6.1  mm,  9 (ovig.),  SL  12.6  mm,  Geordie  Bay,  Rottnest  L,  W.A.,  18  December 
1985,  WAM  492-86;  255,  SL  10.2  mm,  6.7  mm,  2 99.  SL5.3  mm,  2.4  mm.  Cliff  Head,  south  of  Dongara, 
W.A.,  sand  and  mixed  seagrasses,  1 m,  23  April  1986,  WAM  197-88;  5-  SL  2.8  mm.  Seven  Mile  Beach, 
north  of  Dongara,  W.A.,  1 m,  22  April  1986,  WAM  204-88. 

Coloration  (in  life) 

Shield  cream  and  brown  mottled.  Ocular  peduncles  pale  brown,  white  near  corneas; 
acicles  cream  or  pale  brown;  corneas  black.  Antennular  peduncles  deep  brown-grey 
with  cream  near  articulations;  flagella  deep  grey-blue.  Antennal  peduncles  cream  and 
brown;  flagella  distinctly  banded  in  brown  and  cream,  usually  with  alternating  wide  and 
narrow  brown  annuli.  Cheliped  colours  largely  obscured  by  dense  setae,  all  segments 
primarily  pale  to  medium  brown;  prominent  spines  cream  or  white  basally  with  dark 
brown  corneous  tips.  Pereiopods  2 and  3 pale  brown  and  cream;  pereiopods  4 and  5 very 
pale.  Setae  brown. 

Remarks 

Paguristes  sulcatus  is  a common  hermit  crab  of  southern  Australia,  having  previously 
been  recorded  from  South  Australia  (Baker  1905;  Hale  1927;  Mower  and  Shepherd 
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1988)  and  southern  Western  Australia  (Morgan  1987a).  It  occurs  in  littoral  and 
sublittoral  waters  to  at  least  25  m depth,  and  is  usually  associated  with  rock  or  rock-sand 
habitats.  Mower  and  Shepherd  (1988)  noted  densities  of  P.  sulcatus  in  excess  of  10  per 
m2  in  South  Australia. 

Specimens  examined  agree  quite  well  with  the  original  description  of  Baker  (1905) 
with  some  minor  qualifications.  On  the  Western  Australian  specimens,  the  antennular 
peduncles  are  usually  slightly  longer,  rather  than  shorter,  than  the  ocular  peduncles. 
There  are  frequently  four  spines  on  ocular  acicles.  Baker  (1905)  did  not  describe  or 
illustrate  the  first  pleopod  of  males  which  is  here  figured  ( Figure  1 a)  for  comparison  with 
other  southern  Australian  congeners.  Baker  also  did  not  note  the  shape  or  size  of  the 
female  brood  pouch  which  is  sub-eliptical  and  large,  covering  the  anterior  half  of  the 
abdomen.  The  live  colours  of  the  species  are  here  described  for  the  first  time. 

Examined  specimens  inhabited  shells  of  Thais  orbita  (Gmelin,  1791),  Turbo  torquatus 
Gmelin,  1790,  T intercostahs  Menke,  1843,  Campanile  symbolicum  Iredale,  1917, 
Astralium  squamifera  (Koch,  1844),  Austrocochlea  rudis  (Gray,  1827),  Phasianella 
australis  (GmtWn,  1788),  Fusinus  australis  {Quoy  2ind  Gaimard,  1833),  Thalotia  conica 
(Gray,  1827),  Phalium  pauciruge  1843)  and  Cabestana^^. 

A large  (SL  13. 1 mm)  male  (WAM  201-88)  from  Canal  Rocks  is  unusual  in  its  poor 
development  of  the  1st  and  2nd  pair  of  pleopods.  The  first  pair  are  merely 
undifferentiated  lobes  produced  from  the  abdomen  and  the  2nd  pleopod  is  only  a minute 
lobule  on  the  left  side  and  totally  absent  on  the  right.  The  gonopores  are  also  smaller 
than  on  other  similarly  sized  males  and  it  is  doubtful  that  this  is  a fully  functional  male. 
There  are,  however,  no  female  pores. 

Distribution 

A southern  Australian  endemic,  from  South  Australia  to  Geraldton,  W.A. 


Paguristes  tuberculatus  Whitelegge 

Paguristes  tuberculatus  Whitelegge,  1900:  169,  fig.  1 1,  I la;  McCulloch,  1913:  343,  fig.  51;  Hale,  1927:  90. 

Material  examined 

31  specs,  SL4. 1 mm-1.9  mm,(incl.  lOovig.  99'SL3.4  mm-2.2  mm).  Whaling  Cove,  King  George  Sound, 
W.A.,  sand  and  Posidonia,  2-3  m,  16  January  1988,  WAM  142-88,  161-88;  2 SL3.3  mm,  3.2  mm,  2 $9' 

SL  2.8  mm,  2.4  mm,  Quaranup,  south  of  Albany,  W.  A.,  sand,  15  January  1988,  WAM  162-88;  4 53,  SL  3.2 
mm-2. 1 mm,  2 km  southwest  of  Geak  Pt,  Princess  Royal  Harbour,  W.A.,  Posidonia.  16  January  1988. 
WAM  129-88;  34  specs,  SL  3.4  mm- 1.5  mm.  Barker  Bay.  King  George  Sound,  W.A.,  Posidonia  dixxd  sand,  4 
m,  16  January  1988,  WAM  144-88;  Q,  SL  3.4  mm.  King  George  Sound,  W.A.,  14  January  1988,  WAM 
148-88;  SL  4.3  mm,  west  of  Swanbourne,  Perth,  W.A.,  12  October  1976,  WAM  1654-86. 

Remarks 

A relatively  small  species,  P.  tuberculatus  is  common  in  shallow  sublittoral,  often 
estuarine  waters  of  southeastern  Australia,  to  depths  of  at  least  50  m.  In  Western 
Australia,  the  species  has  been  collected  from  soft  substrates,  usually  associated  with 
Posidonia  seagrass  meadows. 
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Examined  specimens  generally  agree  well  with  the  description  and  figures  of 
Whitelegge  ( 1 900)  and  figure  of  McCulloch  (1913).  One  notable  exception  is  that  the  left 
chela  is  rather  more  setose  than  described  or  illustrated  in  the  above  papers.  The  upper 
and  lower  margins  of  the  fingers  and  palm  are  fringed  with  long,  dense  plumose  setae, 
which  also  form  scattered  clumps  on  the  external  face  of  the  palm,  usually  eminating 
from  the  bases  of  the  compound  tubercles. 

The  male  first  pleopod  of  P.  tuberculatus  has  not  been  figured  and  is  here  illustrated 
(Figure  lb). 

Whitelegge  ( 1 900)  noted  the  colour  of  P.  tuberculatus  as  "outer  antennae  and  walking 
legs  annulated  with  narrow  reddish  bands.  Chelae  bright  red,  tips  of  fingers  of  larger 
hand  white,  body  and  limbs  scantily  clothed  with  brownish  hairs’.  Live  colours  were  not 
recorded  for  the  present  study. 

Shells  occupied  by  observed  Western  Australian  specimens  were  Cominella  eburnea 
(Reeve,  1846),  Nassarius  pyrrhus  (Mcnk^,  1843),  Polinices  (Lamarck,  1822), 

Thalotia  conica(Gv?c^^  1827),  Fusinus  australis  (Quoy  ?ind  Gaimard,  1 833)  and  Bittium 
gra/7amvm  (Kiener,  1842). 

McCulloch  (1913)  noted  that  P.  tuberculatus  usually  had  a colony  of  Bryozoa  (? 
Cellepora  sp.)  attached  to  the  shell  and  suggested  that  the  relationship  was  ‘not 
accidental’.  Hale  ( 1 927)  recorded  similar  growths  on  some  shells  occupied  by  the  species 
in  South  Australia.  Bryozoa  were  not  obvious  epizoids  on  the  shells  of  Western 
Australian  specimens  examined. 


Figure  1.  Left  first  pleopod  of  male,  lateral  view,  (a)  Paguristes  sulcatus,  SL  16.5  mm;  (b)  P. 
tuberculatus,  SL  4. 1 mm;  (c)  P.  frontalis,  SL  24.5  mm.  Scales  = 1.0  mm. 


Distribution 

Southern  Australian  endemic,  from  the  region  of  Port  Macquarie,  N.S.W.,  south  to 
Hobart,  Tas.,  and  west  through  S.A.  to  Albany,  (previously  recorded  by  McCulloch 
1913)  and  now  known  as  far  west  and  north  as  Perth,  W.A. 
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Paguristes  frontalis  (H.  Milne  Edwards) 

Pagurus  frontalis  H.  Milne  Edwards,  1836:  283,  pi.  13  fig.  3. 

Eupagurus  frontalis  - 1882:  154. 

Paguristesfronialis-  k\coc\i,  1905:  155;  Baker,  1905:  252,  pi.  32  figs  1-7;  McCulloch,  1913:  345  (key);  Hale, 
1927:  89,  fig.  84;  Phillips  et  aL,  1984:  1 10;  Morgan,  1987a:  732,  fig.  3B. 

Material  examined 

13  specs,  SL  24.5  mm-3.0  mm.  Two  Mile  Beach,  east  of  Hopetoun,  W.A.,  rocks,  2-4  m,  28  November 
1985,  WAM  212-88;  2 SL  12.1  mm,  11.3  mm,  3 9$,  SL  9.4  mm,  8.2  mm,  5.7  mm.  Barren  Beach, 
Fitzgerald  River  N.P.,  W.A.,  sand  and  rock,  1-2  m,  29  November  1985,  WAM  213-88;  5,  SL  15.9  mm,  9, 
SL  20.5  mm.  Little  Bay  in  Two  Peoples  Bay,  east  of  Albany,  W.A.,  2 m,  18  April  1986,  WAM  2 10-88;  5,  SL 
22.5  mm.  Frenchmans  Bay,  old  whaling  station,  south  of  Albany,  W.A.,  19  April  1986,  WAM  209-88;  9,  SL 
8.1  mm,  Quaranup  near  jetty,  south  of  Albany,  W.A.,  rocks,  I m,  14  January  1988,  WAM  214-88;  15  specs, 
SL  13.9  mm-1.3  mm,  Quaranup,  rocks,  0.5-1. 5 m,  January  1988,  WAM  449-88;  9,  SL  18.2  mm  (with 
juveniles),  Bunker  Bay,  east  of  Cape  Naturaliste,  W.A.,  rocks,  1 m,  6 December  1985,  WAM  21 1-88. 

Coloration  (in  life) 

Shield  deep  salmon-brown.  Ocular  peduncles  deep  red-brown  or  salmon-brown,  with 
bright  orange  band  immediately  proximal  to  corneas;  ocular  acicles  salmon-brown. 
Antennules  and  antennae  salmon-brown.  Dactyl  of  chelipeds  cream,  sometimes  with  a 
salmon  tinge;  propodus  cream  with  some  salmon  proximally;  carpus  cream  and  salmon- 
brown;  merus  salmon-brown.  Pereiopods  2 and  3 salmon-brown,  distal  segments 
usually  paler;  dark  corneous  spines,  especially  on  dactyl;  scattered  red  or  red-brown 
spots  at  setal  pores.  Pereiopods  4 and  5 pale  salmon-brown  with  scattered  red  spots. 
Setae  pale  orange. 

Remarks 

Paguristes  frontalis  is  a very  large,  brightly  coloured  hermit  crab,  common  in  southern 
Australian  inshore  waters.  Coloration  was  only  briefly  noted  by  Milne  Edwards  (1836) 
and  translated  by  Haswell  ( 1 882)  as  ‘reddish,  livid;  a few  yellowish  hairs  on  the  hand  and 
the  sides  of  the  carapace’.  Baker  ( 1 905)  included  some  colour  notes  scattered  throughout 
his  redescription  of  the  species  but  these  are  difficult  to  interpret  as  an  overall  colour 
description.  Live  coloration  is  an  important  character  distinguishing  the  species  from  P. 
purpureantennatus  and  is  recorded  in  detail  above. 

Baker  (1905)  included  a figure  of  the  first  male  pleopod  (PI.  32  fig.  7)  but  its 
orientation  is  slightly  different  from  and  hence  is  not  easily  compared  to  the  pleopods  of 
other  species  of  Paguristes  illustrated  in  this  paper  and  by  Morgan  (1987a).  Therefore, 
the  first  pleopod  of  P.  frontalis  is  illustrated  here  (Figure  Ic). 

The  characters  distinguishing  this  species  from  P.  purpureantennatus  were  discussed 
by  Morgan  ( 1 987a).  The  ranges  of  the  two  species  overlap  at  least  from  Albany  to  Cape 
Naturaliste. 

Most  of  the  large  specimens  from  Western  Australia  examined  inhabited  shells  of 
Campanile  symholicum  Iredale,  1917,  but  smaller  specimens  utilised  shells  of 
Austrocochlea  rudis  (Grey,  1827),  Thais  orbita  (Gmelin,  1791),  Phasianella  australis 
(Gmelin,  1788)  and  Mitra  sp.  P.  frontalis  displays  abbreviated  larval  development  as 
described  by  Morgan  (1987c). 
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Distribution 

Southern  Australian  endemic,  from  Vic.  west  of  Wilsons  Promontory,  S.A.  and  W.A. 
as  far  north  as  Cape  Naturaliste. 


Paguristes  purpureantennatus  Morgan 

Paguristes  purpureantennatus  Morgan,  1987a:  729,  figs  2,  3A. 

Holotype 

(3,  SL  21.2  mm,  CL  33.3  mm.  Cosy  Corner,  near  Migo  Island,  Torbay,  west  of  Albany,  W.A.,  rocks  and 
sand  near  A mphibolis  and  Posidonia  seagrasses,  3 m,  I December  1985,  WAM  1438-86. 

Paratypes 

(3,  SL  22.2  mm,  3 9$.  SL  19.0  mm  (ovig.),  15.6  mm,  15.6  mm,  near  Dyer  Island,  Rotlnest  Island,  W.A., 
rock  and  sand,  3-4  m,  19  December  1985,  WAM  493-86;  2 9$.  SL  14.8  mm,  12.9  mm  (both  ovig.),  Geordie 
Bay.  Rottnest  Island,  W.A.,  rock  and  sand,  6 m,  18  December  1985,  WAM  405-86;  233'SL  10.9  mm,  10.2 
mm,  offshore  from  Rottnest  Island  hotel,  W.  A.,  rock  and  sand,  6 m,  19  December  1985,  WAM  403-86;  9. 
SL  18.2  mm  (ovig.),  Parker  Point,  Rottnest  Island,  W.A.,  sand,  rock  and  Pocillopora  coral,  3 m,  19 
December  1985,  WAM  500-86;  2 33.  SL  9.5  mm,  3.8  mm,  I juv..  Cliff  Head,  south  of  Dongara,  W. A.,  sand 
and  rock  near  seagrasses,  2-3  m.  23  April  1986,  WAM  1440-86;  9.  SL  4.5  mm,  4 juvs.  Seven  Mile  Beach, 
north  of  Dongara.  W.A.,  sand  and  rock,  1-3  m,  22  April  1986,  WAM  1439-86. 

Other  material 

9,  SL  1 5.6  mm  (ovig.).  Frenchmans  Bay,  south  of  Albany,  W.A.,  littoral,  20  January  1988,  WAM  450-88; 
9 (ovig.),  SL  13.6  mm,  Cockburn  Sound,  W.A.,  4 August  1970,  WAM  827-86;  2 9$.  SL  14.6  mm  (ovig.), 
14.0  mm,  0.5  miles  southwest  of  Thirsty  Point,  near  Cervantes,  W.  A.,  sand,  rock  and  seagrasses,  2-3  m,  29 
April  1987,  WAM  345-88;  3-  SL  14.6  mm,  2 9$i  SL  I l.l  mm  (ovig.),  9.4  mm,  Geraldton,  W.A.,  littoral, 
September  1987.  WAM  189-88. 

Remarks 

Live  coloration  of  P.  purpureantennatus  was  described  by  Morgan  (1987a).  The 
species  closely  resembles  P.  frontalis  (H.  Milne  Edwards)  but  can  be  distinguished  by 
cheliped  and  colour  characteristics  (Morgan  1 987a).  Morgan  commented  on  the  overlap 
in  ranges  of  the  two  species  but  observed  that  they  had  not  been  collected  from  the  same 
locality.  Recently,  a specimen  of  P.  purpureantennatus  (WAM  450-88)  was  collected 
from  Frenchmans  Bay  south  of  Albany,  where  P.  frontalis  had  been  previously  found 
(WAM  209-88). 

Large  specimens  of  P.  purpureantennatus  show  preference  for  large  shells  of 
Campanile  symbolicurn  1 redale,  1917,  but  smaller  specimens  have  been  collected  from  a 
range  of  shells  including  Rhinoclavis  bituberculatum  (Sowerby,  1855). 

Distribution 

Southwestern  Australian  endemic,  from  Albany  in  the  east  to  Geraldton  in  the 
northwest. 


Diogenes  lophochir  sp.  nov. 

Figure  2 

Holotype 

3,  SL  3.9  mm,  CL  7.6  mm,  northeast  of  Rottnest  L,  W.A.,  34  m,  18  September  1965,  WAM  398-86. 
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Paratype 

3,  SL  3.4  mm,  northeast  of  Roltnest  L,  W.A.,  32  m,  from  naticid  shell,  18  September  1965,  WAM  394-86; 

1 left  cheliped,  type  locality,  WAM  398-86  (part). 

Diagnosis 

A species  of  differing  from  D.  costatus  Henderson,  1893  in  having  antennular 

and  antennal  peduncles  of  similar  length;  non-deflexed  fixed  finger  on  left  chela  and 
lower  margin  of  chela  tuberculate  for  entire  length;  carpus  and  propodus  of  third 
pereiopods  spinose  along  entire  dorsal  borders. 

Description 

Shield  (Figure  2a)  almost  as  broad  as  long.  Lateral  margins  almost  straight,  with 
numerous  spines  in  short  rows;  lateral  surfaces  with  6-7  large  curved  spines  in  row  along 
entire  dorsal  margin.  Anterior  margin  between  rostrum  and  lateral  projections 
concave;  rostrum  broad  and  very  short,  exceeded  by  lateral  projections.  Lateral 
projections  triangular,  with  several  marginal  spinules.  Shield  with  scattered  simple  setae 
dorsally,  longer  weakly  plumose  setae  laterally. 

Ocular  peduncles  cylindrical,  shorter  than  or  just  reaching  base  of  ultimate  segment  of 
antennular  peduncules,  slightly  inflated  distally,  much  shorter  than  anterior  margin  of 
shield.  Ocular  acicles  with  distal  2/3  of  anterior  margin  spinose,  largest  spines  apical; 
acicles  anterolaterally  convex,  almost  straight  mesially;  separated  at  bases  by  about  1/3 
of  width  of  one  acicle.  Intercalary  rostral  process  simple,  slightly  shorter  than  acicles, 
margins  slightly  concave;  no  ventral  spine. 

Antennular  peduncles  slender,  unarmed;  very  sparsely  setose.  Antennal  peduncles 
only  slightly  shorter  than  antennular  peduncles;  fifth  segment  unarmed;  fourth  segment 
with  strong  distodorsal  spine;  third  with  weak  distoventral  spinule;  second  with  very 
strong  distal  dorsolateral  and  smaller  distal  dorsomesial  spines,  and  4 ventrolateral 
spines;  first  segment  unarmed  except  for  row  of  minute  denticles  along  distodorsal 
margin.  Antennal  acicle  reaching  base  of  ultimate  peduncular  segment;  acicle 
terminating  in  strong  spine  with  another  dorsal  to  this  and  row  of  5-6  spines  extending 
from  distolateral  to  proximomesial  edges  of  acicle.  Scattered  long  simple  and  weakly 
plumose  setae  on  all  peduncular  segments  and  acicle.  Antennal  flagella  comprising 
about  28  articles;  ventral  setae  long  and  plumose. 

Third  maxilliped  (Figure  2b)  with  merus  unarmed;  ischium  with  very  irregular  row  of 
3-4  ventromesial  spines;  basis  with  2 strong  ventromesial  spines. 

Left  cheliped  ( Figure  2c)  much  larger  than  right.  Dactyl  approximately  half  length  of 
propodus,  stout,  distinctly  flattened  laterally,  strongly  curved,  slightly  crossing  fixed 
finger  at  tip;  cutting  teeth  small  and  rounded,  more  pronounced  at  midlength  of  dactyl. 
Upper  margin  with  2 rows  of  strong  tubercles  proximally,  merging  to  I row  distally; 
sometimes  a third  very  irregular  row  of  smaller  tubercles  just  ventral  to  these  on  outer 
face;  remainder  of  outer  face  and  inner  face  finely  tuberculate;  inner  face  with  shallow 
longitudinal  sulcus.  Fixed  finger  short  and  triangular,  not  obviously  deflexed,  cutting 
teeth  most  pronounced  just  proximal  to  midlength;  lower  margin  with  irregular  row  of 
blunt  tubercles;  outer  face  finely  tuberculate  with  pronounced  ridge  extending 
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Figure  2.  Diogenes  lophochir.  (a)-{0  holoiype  (g)  paraiype  (a)  shield  and  cephalic  appendages, 
dorsal  view,  setae  omitted  on  left  side;  (b)  basis,  ischium  and  merus  of  endopod  of  third 
maxilliped,  mesial  view;  (c)  left  cheliped,  lateral  view;  (d)  right  cheliped,  lateral  view;  (e) 
second  left  pereiopod,  lateral  view;  (0  third  left  pereiopod,  lateral  view;  (g)  telson,  dorsal 
view.  Scales  = 2.0  mm  (a,  c-0;  I -O  mm  (b,  g). 
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proximally  almost  to  point  even  with  dactylar  articulation;  inner  face  almost  smooth. 
Palm  slightly  longer  than  broad;  upper  margin  with  irregular  row  of  broad,  curved 
spines,  some  smaller  spines  and  tubercles  ventral  to  this;  outer  face  convex  and  finely 
tuberculate,  with  very  pronounced,  strongly  tuberculate  crest  extending  from 
proximoventral  angle  parallel  with  carpal  articulation  then  curving  distally  along 
midline  of  propodus,  tubercles  diminishing  distally  and  crest  terminating  quite  abruptly 
at  about  midlength  of  palm;  lower  margin  coarsely  tuberculate  with  irregular  row  of 
tubercles  extending  along  finger;  1 or  2 small  proximal  spines  or  tubercles  between 
medial  crest  and  upper  margin;  inner  surface  finely  tuberculate,  more  coarsely  near 
upper  and  lower  margins.  Carpus  slightly  longer  than  palm,  distinctly  longer  than  broad; 
upper  margin  with  row  of  strong  curved  spines,  largest  distally;  outer  face  with  broad 
area  of  large  tubercles  and  spines  along  midline,  more  finely  tuberculate  ventral  to  this 
but  almost  smooth  between  spinose  band  and  upper  margin;  lower  margin  with  blunt 
spines  and  tubercles;  inner  surface  coarsely  tuberculate.  Merus  with  upper  margin  and 
inner  and  outer  lower  margins  irregularly  spinose  and  tuberculate;  remainder  more 
finely  tuberculate.  Setae  very  sparse  on  dactyl  and  propodus;  longer  simple  and  plumose 
setae  on  upper  and  lower  margins  of  carpus  and  merus. 

Right  cheliped  (Figure  2d)  slightly  longer  than  half  length  of  left.  Dactylar  length 
more  than  half  that  of  propodus;  irregular  rows  of  spines  along  upper  margin, 
diminishing  in  size  distally;  cutting  teeth  small;  outer  and  inner  surfaces  unarmed,  inner 
surface  with  deep  sulcus.  Propodal  finger  and  palm  with  scattered,  irregularly  sized 
spines  and  tubercles  on  outer  surface;  upper  edge  with  larger  spines;  lower  margin  with 
irregular  rows  of  tubercles;  inner  surface  feebly  tuberculate.  Carpus  with  upper  margin 
strongly  spinose,  spines  larger  distally;  outer  surface  with  row  of  spines  medially,  smooth 
between  that  and  upper  edge,  tuberculate  on  lower  surface,  lower  margin  weakly 
tuberculate;  inner  surface  feebly  tuberculate.  Merus  longer  than  carpus;  upper  margin 
with  row  of  small  spines,  larger  distally;  lower  margins  weakly  spinose;  outer  surface 
weakly  tuberculate,  inner  surface  almost  smooth.  All  segments  more  setose  than  left 
cheliped,  with  long  simple  and  weakly  plumose  setae. 

Second  pereiopods  (Figure  2e)  slightly  longer  than  left  cheliped.  Dactyl  shallowly 
recurved,  longer  than  propodus;  spines  absent;  distinct  longitudinal  sulcus.  Propodus 
about  5 times  as  long  as  wide  and  I % times  length  of  carpus;  dorsal  margin  with  irregular 
row  of  spines  along  entire  length;  dorsolateral  surface  with  some  scattered  spinules, 
remainder  of  surfaces  unarmed.  Carpus  with  row  of  long  spines  along  entire  dorsal 
length;  some  very  small  tubercles  scattered  laterally,  remainder  smooth.  Merus  almost  as 
long  as  propodus  and  laterally  compressed;  row  of  spinules  along  dorsal  edge  and  some 
spinules  ventrolaterally;  otherwise  smooth.  Segments  lightly  setose  with  long  setae, 
mostly  simple  on  distal  segments,  mostly  plumose  on  merus. 

Third  pereiopods  (Figure  20  slightly  longer  than  second;  dactyl  more  distinctly 
recurved,  propodus  slightly  more  elongate,  merus  shorter  and  ischium  distinctly  longer. 
Spination  similar  to  second  pereiopods  with  row  of  spines  along  dorsal  margin  of 
propodus  and  carpus;  spines  slightly  smaller  than  on  second  pereiopods. 
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Fourth  pereiopods  with  dactyl  terminating  in  weak  corneous  claw.  Rasp  occupying 
more  than  half  length  of  propodus  along  ventral  margin.  Segments  unarmed  except  for 
single  distodorsal  spine  on  carpus;  with  clumps  of  long  plumose  setae. 

Males  with  4 elongate  unpaired  uniramous  pleopods;  pleopods  increasing  in  length 
from  1 to  3,  decreasing  slightly  to  4.  Long  finely  plumose  setae. 

Tailfan  very  asymmetricak  left  uropods  much  larger  than  right.  Telson  (Figure  2g) 
(damaged  on  holotype)  broader  than  long;  left  side  distinctly  produced,  weak  medial 
cleft;  left  posterior  lobe  with  margin  denticulate,  12-13  spines  larger  than  remaining 
spinules;  right  lobe  with  5-6  spines,  margin  not  obviously  denticulate.  Long  simple  setae 
along  lateral  and  posterior  margins  and  scattered  in  clumps  on  dorsal  surface. 

Etymology 

Name  derived  from  the  Greek,  ‘lopho’  (crest)  and  ‘chiF  (hand),  referring  to  the  distinct 
lateral  crest  on  the  left  chela  (noun  in  apposition). 

Remarks 

Diogenes  lophochir  is  known  only  from  two  males  and  a left  cheliped.  The  species 
resembles  D.  costatus,  a species  widespread  in  the  Indian  Ocean  from  east  Africa  to  at 
least  I ndia,  in  possessing  a pronounced  curved  crest  on  the  outer  face  of  the  left  chela  and 
lacking  a crest  or  row  of  tubercles  ventral  to  the  upper  margin  of  the  palm.  This  pattern 
distinguishes  the  two  species  from  D.  rectimanus  Miers,  1884,  D.  investigatoris  Alcock, 
1905  and  D.  bicristimanus  Alcock,  1905. 

D.  lophochir  differs  from  D.  costatus  in  the  diagnostic  characters  cited  above.  In  D, 
costatus  the  antennular  peduncles  are  longer  than  the  antennal,  the  fixed  finger  of  the 
left  chela  is  deflexed  and  the  lower  margin  of  this  chela  is  tuberculate  only  proximally, 
the  carpus  of  the  third  pereiopods  is  only  weakly  spined  dorsally  and  the  propodus 
unarmed. 

D.  granulatus  Miers,  1880  was  described  from  Shark  Bay,  W.A.  (Miers  1880;  Haswell 
1 882).  This  species  has  only  a convex  outer  surface  to  the  left  chela  and  the  fixed  finger  is 
very  deflexed.  D.  guttatus  Henderson,  1888  from  Torres  Strait  does  not  possess  an  outer 
crest  on  the  left  chela  and  has  antennal  acicles  reaching  only  half  the  length  of  the 
penultimate  peduncular  segment  (Henderson  1888). 

Distribution 

Species  known  only  from  waters  northeast  of  Rottnest  Island,  W.A. 


Diogenes  serenei  Forest 

Diogenes  serenei  Forest,  1956:  530,  figs  12-15;  Ball  and  Haig,  1972;  91;  Morgan,  1987b:  176. 

Material  examined 

(5,  SL  1.9  mm,  3 $$  (all  ovig.),  SL  3.0  mm,  3.0  mm,  3.0  mm.  Swan  R.  estuary,  Fremantle,  W.A.,  21 
December  1972,  WAM  24-73. 
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Remarks 

The  specimens  examined  here  agree  well  with  the  original  description  and  figures  of 
Forest  (1956)  and  subsequent  records  (e.g.  Ball  and  Haig  1972;  Morgan  1987b).  The 
ventral  tooth  on  the  rostral  process  is  well  developed. 

Specimens  inhabited  shells  of  Velacumantus  australis  (Quoy  and  Gaimard,  1 834)  and 
Cominella  eburnea  1844). 

Distribution 

West  Indian  Ocean,  Vietnam,  New  Guinea,  northern  and  now  southwestern 
Australia. 

Cancellus  sp. 

Material  examined 

(3,SL4.4mm,  west  of  Garden  I.,  W.A.,  (32<M5'S,  1 15'WE),  176-182  m,  18  March  1972,  WAM  39-74;  $, 
SL  8.3  mm,  40  km  west  of  Jurien  Bay,  W.A.,  (30**2rS,  1 14^38'E),  165  m,  15  February  1976,  WAM  796-86. 

Remarks 

These  specimens  differ  from  the  only  reported  Australian  representative  of  the  genus, 
C typus  H.  Milne  Edwards,  1836,  in  several  characters.  The  antennular  peduncles  are 
longer,  the  corneas  wider  and  the  ocular  acicles  more  spinose  than  in  C.  typus.  On  the 
male,  the  sixth  abdominal  segment  is  very  spinose  and  the  coxal  segment  of  the  fifth 
pereiopod  is  very  differently  shaped  from  that  of  C typus.  Additionally,  the  specimens 
were  collected  from  waters  in  excess  of  165  m depth,  while  C.  typus  is  typically  a shallow 
water  species. 

These  animals  do  not  agree  well  with  descriptions  of  any  of  the  Cancellus  species 
reviewed  by  Mayo  (1973).  It  is  certain  that  they  are  undescribed,  but  until  further 
specimens  are  obtained  it  is  uncertain  if  the  male  and  female  are  conspecific. 


Clibanarius  virescens  (Krauss) 

Pagurus  virescens  Krauss,  1843:  56,  pi.  4 fig.  3. 

Clibanarius  virescens -Dana,  1852:466;  Dana,  1855:  pi.  29  fig.  6a,  b;Slimpson,  1858:  235;  Alcock,  1905:  159; 
McCulloch,  1913: 346,  pi.  1 1 fig.  2;  Fizeand  Serene,  1955:  I38,fig.21;  Lee,  1969:43;  Morgan,  1987b:  171. 

Material  examined 

$,  SL  3.7,  Geraldton,  W.A.,  littoral,  September  1987,  WAM  188-88. 

Remarks 

The  live  coloration  of  Australian  representatives  of  this  species  is  described  by 
McCulloch  (1913)  and  Morgan  (1987b). 

Clibanarius  virescens  is  a very  widespread  Indo-West  Pacific  species,  inhabiting 
littoral  or  very  shallow  sublittoral  rocks  and  soft  substrates.  The  record  from  Geraldton 
is  the  most  southerly  for  the  species  on  the  west  coast  of  Australia. 

Distribution 

East  Africa,  across  Indian  Ocean  to  Western  Australia,  northern  and  eastern 
Australia  south  to  Sydney,  N.S.W.,  Lord  Howe  Island  and  east  to  Fiji  Islands. 


403 


Hermit  crabs  of  southwestern  Australia 


Trizopaguriis  strigimanus  (White) 

Pagurus  strigimanus  1847:  121. 

Pagurus  acukaius  H.  Milne  Edwards,  1848:  62. 

Clibanahus  sirigimanus  — Miers,  1874:  3,  pi.  II  fig.  4;  Henderson,  1888:  61;  Whitelegge,  1900:  167; 

McCulloch,  1913:  348;  Hale,  1927:  91,  fig.  87;  Pope,  1947:  131. 

Trizopagurus  strigimanus  — Forest,  1952:  6,  figs  1,  8,  10,  17;  Griffin,  1967:  306,  fig.  2;  Miyake,  1978:  18. 

Material  examined 

3 9$,  SL  8.0  mm,  7.3  mm,  7.1  mm,  northwest  of  Bunbury,  W.A.,  (33WS,  1 14»37'E),  219-221  m 17 
March  1972,  WAM  1751-86. 

Remarks 

Trizopagurus  strigimanus  is  immediately  recognisable  from  all  other  southwestern 
Australian  hermit  crabs  by  the  well  developed  stridulatory  apparatus  on  the  inside  face 
of  the  carpus  and  palm  of  both  chelipeds.  The  species  has  been  comprehensively 
redescribed  and  illustrated  by  Forest  (1952)  who  also  discussed  relationships  of  the 
genus. 

Preserved  specimens  retained  deep  red  pigmentation  on  the  fingers  and  distal  palm  of 
the  chelipeds  and  dactyls  of  pereiopods  2 and  3.  Ocular  peduncles  are  similarly  red  with 
dorsolateral  and  dorsomesial  white  lines  and  a white  area  proximoventrally. 

The  specimens  examined  here  were  collected  from  depths  in  excess  of  200  m, 
considerably  deeper  than  the  40-80  m depth  range  cited  by  Forest  (1952). 

Distribution 

Southern  Australian  endemic,  from  Sydney  region  (N.S.W.)  south  to  Vic.,  S.A.  and 
Tas.  Now  recorded  from  southwestern  W.A. 

Dardanus  arrosor  (Herbst) 

Cancer  arrosor  Herbst,  1796:  170,  pi.  43  fig.  I. 

Pagurus  striatus  H.  Milne  Edwards,  1836:  270. 

Pagurus  arrosor  -NobW'u  1906:  121;  Barnard,  1950:  423,  fig.  79,  79a. 

Dardanus  arrosor  - GcQy  1925:  159;  Hale,  1927:  93,  fig.  89;  Pope,  1947:  131,  fig.  2;  Forest,  1955:  90,  figs  19, 
21;  Griffin,  1967:  307;  Lee,  1969:  46,  fig.  5;  Miyake,  1978:  57,  pi.  I fig.  5,  text  fig.  20. 

Dardanus  arrosor  arrosor  Forest  and  de  Saint  Laurent,  1967:  92,  pi.  1 figs  I,  3. 

Material  examined 

(5,  SL  17.2  mm,  Albany  area,  W.A.,  from  craypot,  October  1959,  WAM  791-86. 

Remarks 

The  one  specimen  of  D.  arrosor  examined  agrees  well  with  redescriptions  and  figures 
of  the  species  (Hale  1927;  Barnard  1950;  Forest  1955;  Lee  1969;  Miyake  1978). 

The  specimen  is  assignable  to  the  nominotypical  subspecies  as  presented  by  Forest 
and  de  Saint  Laurent  (1967). 

Distribution 

Very  widespread,  from  Mediterranean  and  Red  Seas  and  western  Africa,  east  to 
Philippines,  Taiwan,  Japan,  New  Zealand  and  Australia.  Recorded  now  from 
southwestern  Australia. 
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Dardanus  crassimanus  (H.  Milne  Edwards) 

Fagurus  crassimanus  H.  Milne  Edwards,  1836:  277;  Fize  and  Serene,  1955:  187. 

Pagurus  sculptipes  Stimpson,  1858:  246. 

Pagurus  pavimeniatus  Hilgendorf,  1878:  816,  pi.  3 figs  1-5. 

Clihanarius  crassimanus  • Wcock^  1905:  162. 

Dardanus  crassimanus 1937: 55;  Gordan,  1956:313;  Lee,  1969: 49,  fig.  7;  Miyake,  1978:61, fig. 

22. 

Material  examined 

$,  SL  14.5  mm,  Parker  Point,  Rottnest  I.,  W.A.,  sand  and  coral,  3 m,  1985,  WAM  485-86. 

Coloration  (after  2V2  years  in  alcohol) 

Shield  red-brown  and  cream.  Ocular  peduncles  pale  purple;  ocular  acicles  brown  and 
cream.  Chelipeds  red-brown;  spines  on  dactyl,  propodus  and  carpus  cream-purple  at 
bases,  tips  corneous;  carpus  with  large  proximodorsal  purple  patch;  merus  with  purple 
tubercles.  Pereiopods  2 and  3 red-brown  with  purple  tubercles,  carpus  with  large 
proximodorsal  purple  patch.  Setae  yellow. 

Remarks 

The  differences  between  D.  crassimanus  and  the  very  similar  D.  setifer  (H.  Milne 
Edwards,  1836)  have  been  discussed  by  Fize  and  Serene  (1955)  and  Morgan  (1987b).  Itis 


Figure  3.  a,  b,  Dardanus  crassimanus,  $,  SL  14.5  mm,  Rottnest  Island,  WAM  485-86;  c,  d,  D.  setifer, 
(5,  SL9.3  mm.  Northern  Territory,  WAM  164-87.  a,  c,  palm  of  left  chela,  lateral  view;  b,  d, 
lower  margin  of  palm  of  left  chela,  mesial  view  (setae  omitted).  Scales  = 1.0  mm. 
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certain  that  confusion  between  the  species  has  occurred  in  the  literature.  Dardanus 
setifer  has  been  identified  from  northern  Australia  (Morgan  1987b)  but  J.  Forest  (pers. 
comm.)  has  suggested  that  several  species  might  be  confused  in  a crassimanus-setifer 
complex. 

The  single  specimen  here  identified  as  D.  crassimanus  conforms  to  differences 
between  the  two  species  noted  by  the  above  authors.  The  setae  on  the  outer  surface  of  the 
left  chela  are  longer  than  in  D.  setifer  and  not  arranged  in  distinct  rosettes  around  the 
spines.  The  lower  margin  of  the  left  chela  is  ornamented  with  two  irregular  rows  of  long 
spines  rather  than  a palissade  of  usually  two  lateral  and  one  mesial  grouped  spines.  These 
differences  have  not  been  illustrated  previously  in  a comparative  format  and  are  here 
presented  in  Figure  3. 

No  live  colour  description  is  available  for  the  Rottnest  I.  specimen,  but  on  the  basis  of 
its  preserved  colours  and  the  colour  notes  of  Lee  (1969)  and  Miyake  ( 1978),  it  appears 
that  D.  crassimanus  and  D.  setifer  are  similarly  coloured,  it  is  possible  that  the  ocular 
peduncles  of  the  former  are  more  distinctly  purple  but  comparison  of  further  specimens 
is  necessary  to  ascertain  this. 

Dardanus  crassimanus  has  been  collected  from  depths  to  at  least  30  m.  The  specimen 
examined  here  was  taken  from  a shell  of  Campanile  symbolicum  Iredale,  1917. 

Distribution 

East  Africa,  across  Indian  Ocean  to  Sri  Lanka,  Indonesia,  north  to  Hong  Kong, 
Taiwan  and  Japan  and  south  to  Australia  (confirmed  on  west  coast). 

Dardanus  sp. 

Material  examined 

9,SL7.7mm,northwestofBunbury,W.A.,(33<M5'S,  II4'’37'E),  155  m,  l7March  1972,  WAM  1752-86; 
(5,  SL  17.5  mm,  off  West  End,  Rottnest  1.,  W.  A.,  177-183  m,  16  September  1965,  WAM  487-86;  SL  19.0 
mm.  beach  at  North  Fremantle,  W.A.,  1 1 April  1972,  WAM  76-72;  <5,  SL  7.6  mm,  northwest  of  Green 
Head.  W.A.,(29<*59'S,  I i4'*25'E),  146  m,  22  March  1972,  WAM  1 754-86;  SL  6.3  mm,  west  of  Lancelin, 
W.A.,(3LWS,  II4*>52'E),  146-150  m,  23  March  1972,  WAM  1 743-86;  5,  SL  8.9  mm,2  99,SL  10.8  mm 
(ovig.),  5.6  mm,  southwest  of  Jurien  Bay,  W.A.,  (30‘'29'S,  I I4'*40'E),  146  m,  9 December  1970,  WAM 
487-88. 

Remarks 

This  species  closely  resembles  D.  hessii  (Miers,  1884)  in  its  subequal  chelipeds  and 
their  spination.  Certain  differences  between  the  two  species  were  brought  to  my  attention 
by  J.  Forest  (pers.  comm.),  including  the  more  elongate  ocular  peduncles,  more  spinose 
propodus  of  the  third  pereiopods  and  greater  size  of  the  Western  Australian  species. 
Forest  correctly  regards  the  two  species  as  distinct  and  naming  of  this  new  species, 
probably  endemic  to  Australia,  awaits  his  description. 


Calcinus  latens  (Randall) 

Pagurus  latens  Randall,  1839:  135. 

Calcinus  latens  - Dana,  1852:  459;  Dana,  1855:  pi.  28  fig.  2;  Heller,  1865:  88;  Alcock,  1905:  58,  pi.  5 fig.  5; 
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Grant  and  McCulloch,  1906:  34;  Forest,  1951;  84,  figs  14-18;  Fize  and  Serene,  1955:  58,  fig.  9,  pi.  2C; 
Haig  and  McLaughlin,  1984:  107;  Wooster,  1984;  154. 

Calcinus  terrae-reginae  Hasweli,  1882:  760;  Alcock,  1905:  57,  pi.  5 fig.  7. 

Material  examined 

3 55,  SL  4.3  mm,  3.8  mm,  3.4  mm,  2 SL  3.9  mm,  3.7  mm,  Nancy  Cove,  Rottnest  1.,  W.  A.,  littoral,  5 
April  1986,  W AM  208-88;  2 9$,  SL  4.1  mm,  3.9  mm.  Seven  Mile  Beach,  north  of  Dongara,  W.A.,sandand 
rock,  1 m,  22  April  1986,  WAM  207-88. 

Remarks 

Calcinus  latens  is  a very  widespread  littoral  and  shallow  sublittoral  species  in  the 
Indo-West  Pacific.  It  is  most  common  in  areas  with  live  coral  such  as  the  Houtman 
Abrolhos  and  Shark  Bay  in  Western  Australia.  The  record  from  just  north  of  Dongara 
is  the  southernmost  for  C latens  on  the  west  coast  of  mainland  Australia,  but  the  species 
also  occurs  on  Rottnest  Island  near  Perth. 

In  the  south  of  its  range  on  the  Western  Australian  coast,  C latens  overlaps  with  C 
dapsiles  sp.  nov.  The  species  are  distinguished  by  characters  noted  for  the  latter  species. 

Distribution 

East  Africa,  Persian  Gulf  across  Indian  Ocean  to  Indonesia,  Philippines,  Japan, 
northern  and  eastern  Australia  south  to  Sydney  and  now  recorded  from  southwestern 
Australia,  east  to  Tuamotu  and  Hawaiian  Islands. 

Calcinus  dapsiles  sp.  nov. 

Figure  4 

Holotype 

5,  SL  8.7  mm,  CL  14.8  mm,  Canal  Rocks,  {33Mi'S,  1 i4<>59'E),  south  of  Yallingup,  W.A.,  rocky  reef,  2 m, 
in  Campanile  symholicum  Iredale,  1917  shell,  6 December  1985,  WAM  173-88. 

Paratypes 

5 55,  SL  8.0  mm-4.0  mm,  3 99  (ovig.),  SL  4.0  mm,  3.9  mm,  3.8  mm,  type  locality,  WAM  172-88;  5,  SL 
3.4  mm.  Little  Bay  in  Two  Peoples  Bay,  east  of  Albany,  W.A.,  rocky  reef.  3 m,  18  April  1986,  WAM  170-88; 
5,  SL  3.8  mm.  Ledge  Point,  Ring  George  Sound,  east  of  Albany,  W.A.,  rocks,  2-3  m,  16  April  1986,  WAM 
1 71-88;  2 55,  SL  2.8  mm,  2.7  mm,  9,  4.5  mm,  Michaelmas  I.,  King  George  Sound,  east  of  Albany,  W.A., 
rock  and  sand,  15-I8m,  16April  1986,  WAM  178-88;  20  specs,  SL  5.0mm-1.9mm,  Frenchmans  Bay,old 
whaling  station,  south  of  Albany,  W.  A.,  sand  and  Posidonia,  1.5  m,  19  April  1986,  WAM  179-88;255'SL 
2.7  mm,  2. 1 mm.  2 9?»  3.2  mm,  2.7  mm.  Princess  Royal  Harbour,  near  Albany,  W.A.,  sand,  3 m,  17  April 
1986,  WAM  180-88;  13  specs,  SL  4.5  mm-1.6  mm  (incl.  ovig.  9,  SL  2.7  mm),  inside  Shelter  I.,  west  of 
Albany,  W.  A.,  rocks,  l-3m,  1 December  1985,  WAM  18 1-88;  23  specs,  SL  5. 1 mm-1.4mm(incl.4ovig.99, 
SL  5. 1 mm-2. 1 mm).  Cosy  Corner,  near  Migo  1.,  west  of  Albany,  W.A.,  rocks  and  sand,  2-3  m,  1 December 

1985,  WAM  169-88;  3 55,  SL  3.4  mm.  2.9  mm,  2.5  mm,  2 99  (ovig.),  SL  3.0  mm,  1.7  mm,  Prevelly  Park, 
west  of  Margaret  River,  W.A.,  wave  cut  rock  platform,  5 December  1985,  WAM  183-88;  4 55-  SL  7.7 
mm-3.4  mm,  Cottesloe  Beach,  rock  platforms,  2-4  m,  16  January  1986,  WAM  190-88;  655*  SL  8.4  mm-4.5 
mm,  2 99  (ovig.),  SL  6.1  mm,  5.7  mm,  west  of  Burns  Beach,  Perth,  W.A.,  reef  ledges,  20  m,  18  December 

1986,  WAM  177-88;  6 55,  SL  7.7  mm-4.9  mm,  2 99.  SL  7.5  mm  (ovig.),  3.6  mm,  0.5  km  north  of  Little  I., 

off  Hillarys  Marina,  Perth,  W.A.,  12  December  1985,  WAM  176-88;  3 5(5.  9.2  mm,  8.4  mm,  6.1  mm, 

Nancy  Cove,  Rottne.st  1.,  W.A.,  rocks,  littoral,  5 April  1986,  WAM  192-88;  5^  SL  9.0  mm.  Parker  Point, 
Rottnest  l.,W. A.,  littoral,  January  1987,  WAM  194-88;  2 55,  SL 6.4  mm, 4.4  mm,  Seven  Mile  Beach,  north 
of  Dongara,  W.A.,  2 m,  sand  and  seagrass,  22  April  1986,  WAM  176-88;  9 specs,  SL  4.1  mm-2.0  mm. 
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Sunday  I.,  Shark  Bay,  W.A.,  rocks,  5 m,  14  March  1986,  WAM  193-88;  g,  SL  3.4  mm,  headland  on 
mainland  opposite  Cape  Ransonnet,  Shark  Bay,  W.A.,  12  March  1986,  WAM  191-88. 

Diagnosis 

A species  of  Calcinus  differing  from  C.  latens  (Randall,  1839)  in  having  dactyls  of 
pereiopods  2 and  3 proximally  a uniform  pink  and  left  posterior  lobe  of  telson  with  only 
I terminal  spine. 

Description 

Shield  (Figure  4a)  1 1 / 3 times  as  long  as  broad;  anterior  margin  between  rostrum  and 
lateral  projections  shallowly  concave,  rostrum  very  produced  and  obviously  exceeding 
lateral  projections.  Lateral  projections  weakly  produced,  with  minute  terminal  spinules. 
Dorsal  surface  of  shield  lightly  punctate,  very  sparsely  setose  dorsally  and  moderately 
setose  laterally. 

Ocular  peduncles  long  and  slender,  slightly  shorter  than  shield  but  longer  than 
anterior  margin  of  shield,  left  peduncle  longer  than  right,  peduncles  inflated  proximally; 
very  sparsely  setose.  Ocular  acicles  short,  distal  margin  very  concave,  proximal  margin 
convex;  tipped  by  single  spinule  ( 1 paratype  with  bifid  acicles);  acicles  almost  contiguous 
basally. 

Antennular  peduncles  only  slightly  shorter  than  ocular  peduncles.  Ultimate  and 
penultimate  segments  unarmed;  proximal  segment  with  approximately  6 spinules 
distolaterally. 

Antennal  peduncles  reaching  to  distal  half  of  ocular  peduncles.  Fifth  segment 
unarmed;  lourth  segment  with  distodorsal  spine;  third  with  distinct  distoventral  spine 
and  long  setae;  second  segment  with  distolateral  spine  usually  bifid,  sometimes  simple, 
rarely  trifid,  and  mesial  spine,  sometimes  bifid;  first  segment  with  dorsolateral  and  lateral 
edges  unarmed,  ventromesial  angle  with  I or  more  spinules.  Antennal  acicle  reaching 
distal  end  of  penultimate  segment  of  peduncle;  terminating  in  simple  or  bifid  spine; 
mesial  margin  with  3-4  spines,  distolateral  margin  with  I or  2;  scattered  long  setae, 
especially  distally.  Antennal  flagellum  as  long  as  or  slightly  longer  than  thorax;  minutely 
setose. 

Left  cheliped  of  holotype  (Figure  4b)  with  propodus  twice  as  long  as  width  of  palm. 
Dactyl  slightly  longer  than  half  length  of  propodus;  cutting  edge  with  several  low  teeth, 
largest  proximally;  outer  and  upper  faces  minutely  tuberculate,  larger  tubercles 
proximally  particularly  in  a dorsolateral  row;  inner  face  mostly  smooth  with  some  small 
granules  on  upper  edge.  Fixed  finger  strongly  recurved,  touching  dactyl  only  at  tip, 
cutting  edge  with  1 large  and  several  smaller  teeth;  outer  face  weakly  tuberculate  with 
row  of  larger  tubercles  on  outer  face  parallel  to  cutting  edge;  lower  margin  with  irregular 
row  of  low  tubercles.  Both  fingers  almost  naked,  with  only  scattered  setal  clumps, 
especially  distally.  Palm  as  broad  as  long  and  compressed  laterally;  outer  surface  convex, 
weakly  tuberculate  near  bases  of  fingers  and  on  upper  surface,  upper  and  lower  edges 
with  indistinct  row  of  low  tubercles;  inner  face  slightly  convex,  smooth  except  for  some 
minute  granules  and  a tubercle  at  base  of  setal  tuft  on  lower  face.  Carpus  broad, 
subtriangular,  much  shorter  than  merus,  compressed;  outer  surface  almost  smooth  with 
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Figure  4.  Calcinus  dapsiles.  (a)-(b),  (d)-(g)  holotype  <3;  (c)  paratype  $,  SL  7.5  mm,  WAM  176-88.  (a) 
shield  and  cephalic  appendages,  dorsal  view,  setae  omitted  on  left  side;  (b)  left  cheliped  of 
male,  lateral  view;  (c)  left  cheliped  of  female,  lateral  view;  (d)  right  cheliped  of  male,  lateral 
view;  (e)  second  left  pereiopod,  lateral  view;  (0  dactyl  and  propod  us  of  third  left  pereiopod, 
lateral  view;  (g)  telson,  dorsal  view.  Scales  = 2.0  mm. 
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prominent  tubercle  placed  slightly  toward  upper  margin;  outer  distal  margin  very  finely 
dentate;  upper  edge  faintly  granulate,  I spine  at  upper  distal  angle;  inner  and  lower  faces 
almost  smooth,  several  small  denticles  on  lower  distal  margin.  Merus  slightly 
compressed  laterally;  outer  surface  nearly  flat,  with  numerous  minute  tubercles;  lower 
outer  distal  angle  with  I or  more  minute  spinules;  lower  inner  distal  margin  with  3 or 
more  spinules;  upper  margin  with  minute  tubercles;  inner  surface  flat  and  smooth. 

Females  and  smaller  males  with  fingers  less  attenuated  and  recurved,  resulting  in  less 
distinct  gape.  Spines  and  tubercles  better  developed  especially  along  upper  and  lower 
margins  of  fingers,  upper  edge  of  palm  (can  be  distinctly  spinose  on  females),  and  upper 
and  lower  margins  of  carpus  (Figure  4c). 

Right  cheliped  of  holotype  (Figure  4d)  with  propodal  length  approximately  2/3 
length  of  left  propodus.  Dactyl  about  half  length  of  propodus;  upper  margin  with  2 
irregular  rows  of  large  acute  corneous-tipped  spines,  diminishing  in  size  distally;  inner 
surface  with  some  scattered  spines;  cutting  edge  with  about  2 proximal  teeth.  Fixed 
finger  touching  dactyl  only  at  tip;  lower  margin  tuberculate;  outer  face  granular  with  row 
of  tubercles  parallel  to  cutting  edge;  inner  face  weakly  granulate;  cutting  edge  with  about 
3 small  teeth.  Palm  broader  than  long,  with  outer  surface  convex  and  with  low  tubercles 
and  3 large  spines  in  row  proximal  to  articulation  of  dactyl;  upper  margin  produced  as 
crest  with  5 very  large  corneous-tipped  spines  and  1-2  spines  ventral  to  these;  lower  edge 
with  blunt  tubercles;  inner  face  flat  and  almost  smooth;  palm  with  tufts  of  setae 
especially  along  upper  and  outer  faces.  Carpus  broad,  much  shorter  than  merus, 
compressed;  outer  face  with  minute  granulations;  outer  distal  edge  finely  dentate;  upper 
edge  with  3 spines;  inner  face  almost  smooth,  fiattened;  inner  distal  margin  unarmed  or 
with  blunt  spine  near  lower  distal  angle;  setae  sparse  on  carpus.  Merus  slightly 
compressed,  outer  surface  slightly  convex,  nearly  smooth  except  for  low  tubercles;  upper 
edge  and  distal  outer  margin  with  minute  tubercles;  I spine  on  lower  distal  margin;  inner 
surface  smooth,  flat;  lower  margin  with  some  minute  tubercles;  tufts  of  sparse  setae 
especially  on  upper  and  lower  edges. 

Sexual  and  allometric  differences  less  significant  in  right  cheliped  than  in  left. 

Second  pereiopods  (Figure  4e)  much  longer  than  left  cheliped,  left  and  right 
pereiopods  of  similar  length.  Dactyl  as  long  as  propodus,  more  elongate  on  large 
specimens,  terminating  in  strong  claw;  ventral  margin  with  row  of  6-8  short  corneous 
spines;  scattered,  sparse  clumps  of  long  simple  setae,  longer  ventrally.  Propodus 
unarmed  except  for  minute  spinule  distodorsally  and  1-2  spinules  distoventrally;  setation 
like  that  of  dactyl.  Carpus  with  large  spine  at  distodorsal  angle  and  usually  1-2  small 
spines  lateral  to  it,  sometimes  a second  dorsal  spine;  scattered  setae,  longer  ventrally. 
Merus  compressed;  1 spine  at  distal  ventrolateral  angle;  long  simple  setae  dorsally  and 
ventrally. 

Third  pereiopods  (Figure  4f)  shorter  than  second,  primarily  due  to  shorter,  stouter 
dactyl  and  propodus.  Spination  on  third  pereiopods  similar  to  that  of  second 
pereiopods.  Setation  slightly  heavier  on  carpus  and  merus  than  on  pereiopod  2. 

Sternite  of  pereiopod  3 with  anterior  lobe  broad  and  subrectangular,  with  rounded 
lateral  projections;  heavily  setose. 
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Fifth  abdominal  segment  with  numerous  minute  spinules  on  dorsal  surface.  Telson 
(Figure  4g)  with  left  posterior  lobe  slightly  larger  than  right,  size  difference  more  evident 
on  small  specimens;  both  lobes  armed  with  posterior  spine  offset  ventrally,  lateral 
margins  unarmed;  margins  with  fringe  of  long  setae. 

Coloration  (in  life) 

Shield  brown  or  salmon-brown  of  variable  shades,  often  paler  posteriorly.  Ocular 
peduncles  pale  brown,  usually  with  pink  tinge  proximodorsally  and  thin  cream  band  at 
base  of  corneas;  ocular  acicles  pale  brown;  corneas  black.  Antennular  and  antennal 
peduncles  brown  and  cream;  antennular  flagella  cream  with  orange  ventrally,  antennal 
flagella  pale  orange.  Chelipeds  with  fingers  cream  or  white  with  small  scattered  red  or 
orange  spots;  palm  mostly  chocolate  brown,  usually  cream  distally;  carpus  chocolate 
brown  with  white  on  spines  and  tubercles;  merus  similar  to  carpus  but  usually  paler. 
Pereiopods  2 and  3 with  dactyl  white  or  cream  for  distal  I / 3 to  y2,  proximal  y2  to  2/3 
pink;  propodus  white  on  distal  margin,  remainder  red,  chocolate  brown  or  purple- 
brown,  usually  red  proximally;  carpus  brown  or  purple-brown,  paler  (sometimes  cream) 
near  articulations;  merus  similar  to  carpus  but  paler.  All  pereiopod  segments  with 
scattered  small  red  or  orange  spots,  usually  at  setal  pores.  Pereiopods  4 and  5 pale  cream 
or  orange,  with  red  spots.  Small  juveniles  much  paler,  sometimes  entirely  cream  or  white 
except  for  pale  brown  on  ocular  peduncles,  pale  orange  or  brown  on  antennules  and 
antennae,  and  pale  orange  or  pink  proximally  on  dactyl  and  propodus  of  pereiopods  2 
and  3.  Orange  spots  on  chelipeds  and  pereiopods  2 and  3 relatively  larger  than  on  large 
specimens. 

Etymology 

From  the  Greek  ‘dapsiles’  meaning  ‘abundant’. 

Remarks 

Caldnus  dapsUes  is  the  most  abundant  and  ubiquitous  of  the  shallow  water  hermit 
crabs  in  southwestern  Australia,  where  for  most  of  its  range  it  is  the  sole  representative  of 
its  genus.  It  occurs  in  a variety  of  habitats,  including  rocky  reefs,  soft  sand  and  shell 
rubble,  seagrass  beds  and  coral  reefs.  The  species  inhabits  a very  wide  range  of 
gastropod  shells,  probably  reflecting  the  most  readily  available  shells  in  any  area  and  the 
size  of  the  crab.  Gastropods  utilised  by  type  specimens  are  Campanile  syrnholicum 
Iredale,  1917,  Thais  orbita  {GxntWn,  1791),  Turbo  torquatus  GmeXm^  1790,  Thalotia 
conica  (Gray,  1827),  Cominella  eburnea  (Reeve,  1846),  Bitdum  granarium  (Kiener, 

1842) ,  Lepsiella  flindersi  (A.  Adams  and  Angas,  1864),  Nassarius  pyrrhus  (Menke, 

1843) ,  Astralium  squamifera  (Koch,  1844),  A.  tentorium  (Thiele,  1930),  Phasianella 
australis  (Gmelin,  1788),  Mitra  carbonaria  Swainson,  1822,  Clanculus  maxillatus 
(Menke,  1843),  Prothalotia  lehmanii  (Menke,  1843),  Rhinoclavis  biterberculatum 
(Sowerby,  1855),  Conus  anemone  {CdivaeLVok,  1810)  and  Drupellas^, 

Ovigerous  females  have  been  collected  in  December  and  January.  Females  may  be 
berried  at  shield  lengths  as  srr*all  as  1 .7  mm.  C dapsiles  can  be  readily  recognised  in  the 
field  by  its  distinctive  red  and  white  colour  patterns,  together  with  the  small  reddish  spots 
on  the  chelipeds  and  walking  legs. 
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The  species  most  closely  resembles  C latens,  a widespread  species  of  the  Indo-West 
Pacific,  which  co-occurs  with  C.  dapsiles  in  the  north  of  the  latter's  range  (e.g.  Dongara, 
H outman  Abrolhos,  Shark  Bay).  The  two  species  can  be  easily  distinguished  on  the  basis 
of  coloration.  The  dactyls  of  pereiopods  2 and  3 have  short  proximal  longitudinal  stripes 
of  dark  red-blue  on  a pink  background  in  C.  latens,  while  those  of  C dapsiles  are 
proximally  a uniform  pink.  As  discussed  by  Haig  and  McLaughlin  ( 1984),  some  authors 
have  described  the  proximal  dactyl  colour  of  C.  latens  as  uniform  (e.g.  Edmondson 
1946;  Wooster  1984).  It  is  probable  that  all  specimens  of  C.  laiem  do  display  the  short 
longitudinal  dark  stripes  on  the  dactyl  of  pereiopods,  but  if  in  fact  some  populations  are 
uniform  in  coloration,  then  C dapsiles  can  still  be  distinguished  by  the  scattered  red 
spots  on  the  chelipeds  and  pereiopods.  Morphologically,  the  species  are  similar  in  their 
possession  of  simple  ocular  acicles,  a single  marginal  spine  on  the  right  posterior  lobe  of 
the  telson  (though  some  specimens  of  C.  latens  1 have  examined  have  2 spines)  and  in  the 
lack  of  a setal  brush  on  the  third  left  pereiopod.  They  can  be  distinguished  by  the  more 
numerous  marginal  spines  on  the  left  posterior  lobe  of  the  telson  of  C.  latens. 

Distribution 

Southwestern  Australian  endemic,  from  east  of  Albany  north  and  west  to  Shark  Bay, 
W.A. 


Paguridae 

Pagurus  sinuatus  (Stimpson) 

Eupagurus sinuatusS>i\xn\ison,  1858:  250;  Haswell,  1882:  153;  Pope,  1947:  131, fig.  2;  Dakinetal..  1952:  199, 
pi.  44  figs  3,  5. 

Pagurus  sinuatus  — Gordan,  1956:  335;  Griffin,  1967:  306,  fig.  4;  Lewinsohn,  1969:  63;  Healy  and  Yaldwyn, 
1970:  72,  pi.  33. 

Material  examined 

3',  SL  9.6  mm,  $,  SL  5.5  mm,  Bremer  Bay,  W.A.,  2 m,  29  November  1985,  WAM  292-88;  $,  SL  8.8  mm, 
Cheyne  Beach,  east  of  Albany,  W.  A.,  Posidonia  and  Heterozosiera  fiat,  2 February  1966,  WAM  840-86;  4 
55'  SL  9.7  mm-4.9  mm,  2 $$,  SL  5.4  mm  (ovig.),  3.8  mm.  Little  Bay  in  Two  Peoples  .^ay,  east  of  Albany, 
W.A..  granite  rocks,  3 m,  2 December  1985,  WAM  293-88;  10  specs.  SL  1 1 .8  mm-3.0  mm.  Little  Bay,  W.A., 
rocks,  5-12  m,  18  April  1986,  WAM  294-88;  5,  SL  1 1.1  mm.  SL  12.3  mm,  Michaelmas  Island,  east  of 
Albany,  W. A.,  rocks,  15-18  m,  16  April  1986,  WAM  295-88;  5.  SL  13.1  mm,4$$.  SL  14.1  mm-3.8  mm 
(tncl.  ovig.  $,  SL8.4mm),  Jimmy  Newells  Harbour,  south  of  Albany,  W.A.,  rocks  and  sand,  1-2  m,  19  April 
1986.  WAM  296-88;  5'  SL  10.9  mm.  Frenchmans  Bay.  old  whaling  station,  south  of  Albany,  W.A.,  rocks 
near  seagrass,  L5  m,  19  April  1986,  WAM  297-88;  9 (ovig.),  SL  7.4  mm,  Albany,  W.A.,  January  1988, 
WAM  154-88;  4 55,  SL  13.3  mm-4.8  mm,  2 $9  (ovig.),  SL  8.6  mm.  6. 1 mm,  inside  Shelter  Island,  west  of 
Albany  W.A.,  1-2  m,  I December  1985,  WAM  298-88;  5*  SL  1 1. 1 mm,  2 99,  SL  9.4  mm  (ovig.),  6.5  mm. 
Cosy  Corner,  west  of  Albany,  W.A..  I December  1985,  WAM  299-88;  lOspecs,  SL  14.6  mm-2.5  mm.  Ocean 
Beach,  south  of  Denmark,  W.  A.,  rocks,  I m,  4 December  1985,  WAM  300-88;  9i  SL  6.3  mm,  Parry  Beach, 
west  of  Denmark.  W.A.,  rocks,  2 m.  4 December  1985,  WAM  301-88;  5*  SL  14.5  mm,  9 (ovig.),  SL  13.2 
mm,  Cowaramup  Bay,  south  of  Yallingup,  W.  A.,  30  October  1966,  WAM  482-88;  5.  SL  9. 1 mm,  9 (ovig.), 
SL6.3  mm.  Canal  Rocks,  south  of  Yallingup,  W.A.,  rocks.  2 m,  6 December  1985,  WAM  302-88;  5^  SL  10.4 
mm,  2 99'  SL  12.3  mm. 4.8  mm.  Geordie  Bay,  Rottnest  I.,  18  December  1985,  WAM  495-86; 5* SL 6. 1 mm, 
Cervantes,  W.A.,  outer  reef,  4 May  1987,  WAM  303-88;  2 99'  SL  13.8  mm,  7.7  mm.  Big  Wave  Reef,  off 
Cervantes,  W.A.,  coral  slab  on  sand,  12  m,  6 April  1987,  WAM  348-88,  349-88. 
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Coloration  (in  life) 

Shield  pale  orange  and  red  with  darker  red-violet  mottling  and  patches.  Ocular 
peduncles  pale  pink  or  cream,  with  band  of  orange  at  midlength  and  thinner  areas  of 
orange  at  distal  and  proximal  margins;  acicles  pale  orange  or  pink.  Antennular 
peduncles  with  orange  band  on  proximal  half  of  penultimate  segment  and  broader 
proximal  orange  or  red  band  on  ultimate  segment;  flagella  orange.  Antennal  peduncles 
cream  and  orange;  flagella  orange.  Chelipeds  with  dactyl  orange  or  orange-violet,  finger 
tip  cream  or  cream-violet;  propodus  red-orange,  paler  distally  on  palm  and  on  finger; 
finger  tip  cream  or  cream-violet;  carpus  and  merus  orange  or  orange-red,  sometimes 
almost  burgundy.  Spines  and  tubercles  on  chelipeds  paler,  often  cream,  especially  pale 
on  carpus  and  merus.  Pereiopods  2 and  3 distinctly  banded;  dactyl  violet  distally 
especially  mesially  and  laterally,  dorsal  and  ventral  edges  more  strongly  orange; 
propodus  and  carpus  with  red  or  maroon  band  at  midlength,  pale  violet  distal  and 
proximal  to  this  and  orange  near  articulations;  band  more  diffuse  on  merus,  generally 
mottled  orange,  red  and  violet.  Setae  orange  and  red. 

Remarks 

Pagurus  sinuatus  closely  resembles  P.  hirtimanus  Miers,  1880,  a widespread  species 
occurring  from  the  Red  Sea  across  the  Indian  Ocean  to  Indonesia,  Malaysia, 
Philippines,  Japan,  New  Guinea  and  the  Fiji  Islands.  De  Man  (1890)  suggested  that  the 
two  species  may  be  synonymous.  Lewinsohn  (1969)  discussed  the  differences  between  P. 
hirtimanus  and  P.  sinuatus  and  concluded  that  specific  recognition  of  the  two  was 
warranted,  a decision  with  which  1 concur.  Lewinsohn's  diagnostic  characters  require 
some  qualification  however.  In  this  1 have  compared  a specimen  definitely  identifiable  as 
P.  hirtimanus,  recently  collected  from  near  Madang,  Papua  New  Guinea  (WAM 
451-88),  with  the  material  of  P.  sinuatus. 

Lewinsohn  correctly  noted  that  in  P.  hirtimanus  the  corneas  are  distinctly  more 
swollen,  pereiopods  2 and  3 lack  plumose  setae  present  on  P.  sinuatus,  the  right  cheliped 
has  longer  setae  (in  fact,  the  setae  on  P.  sinuatus  are  plumose  while  simple  on  P. 
hirtimanus)  and  the  distolateral  margin  of  the  merus  of  the  right  cheliped  is  less  spinose. 
In  the  last  instance,  Lewinsohn  described  the  margin  of  the  merus  of  P.  hirtimanus  as 
‘glatt  Oder  nur  leicht  gekerbf  and  that  of  P.  sinuatus  as  having  ‘deutliche  Zahne’.  On  the 
specimens  here  examined,  the  margin  of  P.  hirtimanus  bears  small  but  distinct  spinules 
and  that  of  P.  sinuatus,  large  spines. 

In  one  character,  Lewinsohn  appears  to  be  notably  incorrect.  He  recorded  that  the 
rostrum  of  P.  hirtimanus  has  a distinct  point,  while  that  of  P.  sinuatus  is  ‘abgerundet  und 
tragt  ...  keine  deutliche  Spitze’.  On  all  specimens  of  P.  sinuatus  examined  here,  the 
rostrum  is  acutely  triangular  and  bears  a distinct  terminal  spinule,  if  anything  rather 
more  pronounced  than  on  the  specimen  of  P.  hirtimanus.  In  his  original  description, 
Slimpson  (1958)  noted  the  rostrum  of  P.  sinuatus  as  ‘acutus  prominens’. 

P.  sinuatus  is  a large  hermit  crab,  common  in  shallow  sublittoral  waters  of  southern 
Western  Australia  in  rocky  areas  where  wave  and  surge  action  are  quite  strong.  It  is  less 
commonly  found  in  sheltered  habitats  and  is  rarely  collected  from  soft  sediments  and 
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seagrass  beds  (e.g.  WAM  840-86).  The  species  is  very  active  when  disturbed,  preferring 
to  run  from  danger  rather  than  to  retreat  into  the  shell.  When  collected,  specimens 
commonly  vacate  their  shell  and  scuttle,  naked,  from  their  attacker. 

The  species  appears  to  prefer  globose,  relatively  voluminous  shells.  Specimens 
examined  inhabited  shells  of  Turbo  torquatus  Gmelin,  1790,  PhasianeUa  ventricosa 
Swainson,  1822,  Thais  orbita  (Gmelin,  1791),  Bulla  quoyii  Gray,  1843,  Cominella 
eburnea(Kttv^,  1846),  Campanile symbolicum  Iredale,  1917,  Phasianotrochus eximius 
(Perry,  \%\\),  Lyria  mitraeformis{C^.m^.xck,  1811),  LittorinaunifasciataGmy,  1826 and 
a bursid  sp. 

Distribution 

A southern  Australian  endemic  species,  from  the  Sydney  region,  N.S.W.,  west  to 
Western  Australia  as  far  north  as  Shark  Bay.  (No  confirmed  records  from  Vic.,  Tas.  or 
S.A.  but  probably  occurring  in  at  least  the  mainland  states.) 


Pagurixus  jerviensis  McLaughlin  and  Haig 

Eupagurus  lacertosus-Vop&A^*^l-  131,  fig.  3;  Dakin  e/ a/.,  1948:209;  Dakin^'/a/.,  1952:  199,  pi.  44  fig.  7. 
(Not  E.  lacertosus  Henderson,  1888). 

Pagurus lacertosus-GvxKm^  1967:  306;  Healy  and  Yaldwyn,  1970:  72,  fig.  35.  (Not  P.  Henderson, 

1888)). 

Pagurixus  jerviensis  McLaughlin  and  Haig,  1984:  139,  fig.  6. 

Material  examined 

SL  2.4  mm,  1.7  mm,  SL  1.8  mm.  Little  Bay  in  Two  Peoples  Bay,  east  of  Albany,  W.A.,  2-10  m, 

18  April  1986,  WAM  350-88;  (5,  SL  1.8  mm.  Two  Peoples  Bay,  picnic  area,  near  Posidonia,  2 m,  18  April 
1986,  WAM  352-88;  2 (55,  SL2.9  mm,  1.9  mm,  $(ovig.),  SL2.0mm,  Frenchmans  Bay,  old  whaling  station, 

19  April  1986,  WAM  353-88;  Q,  SL2.5  mm,  Jimmy  Newells  Harbour,  south  of  Albany,  W.A.,  rocks,  1-2  m, 
19  April  1986,  WAM  351-88. 

Remarks 

The  Western  Australian  specimens  examined  here  agree  well  with  the  description  and 
figure  of  the  species  by  McLaughlin  and  Haig  (1984).  On  these  specimens,  the  spines 
along  the  ventral  margin  of  the  dactyl  of  pereiopods  2 and  3 number  7-9,  usually  8.  The 
median  cleft  in  the  telson  can  be  slightly  deeper  than  that  illustrated  by  McLaughlin  and 
Haig. 

Pagurixus  jerviensis  is  a small,  active  hermit  crab,  usually  found  under  rocks  or 
amongst  shell  debris  in  shallow'  sublittoral  waters.  It  has  frequently  been  confused  with 
Lophopagurus  lacertosus  (H^ndtrson,  1888)  in  the  eastern  states  of  Australia  (e.g.  Pope 
1947;  Dakin  era/.  1948;  Dsikmetal.  1952;  Griffin  1967;  Healy  and  Yaldwyn  1970).  Fora 
discussion  of  this  confusion  and  of  the  relationships  of  P.  jerviensis,  see  McLaughlin  and 
Haig  (1984). 

In  Western  Australia,  the  species  has  been  collected  from  shells  of  PhasianeUa 
australis  {GmeWn,  1788)  and  Dentimitrella  semiconvexa  (Lamarck,  1822). 
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Distribution 

Southeastern  Australia  at  least  as  far  north  as  Sydney,  N.S.W.,  Lord  Howe  Island; 
now  recorded  from  southwestern  Australia. 


Discussion 

Of  the  17  species  of  hermit  crab  here  recorded  from  southwestern  Australia,  1 1 (65%) 
appear  to  be  endemic  to  southern  Australia  from  approximately  the  mid-coast  of  New 
South  Wales  to  Shark  Bay  in  Western  Australia.  Of  these,  five  species  {Paguristes 
longisetosus,  P.  purpureantennatus,  Diogenes  lophochir,  Calcinus  dapsiles  and 
Cancellus  sp.)  are  presently  known  only  irom  southwestern  Australia.  Five  of  the 
remaining  species  (29%  of  total  species)  are  widely  distributed  in  the  Indo-West  Pacific 
and  one,  Dardanus  arrosor,  is  even  more  widespread.  Four  of  these  species  occur  in  the 
north  of  the  area  discussed  in  this  paper  (i.e.  near  Geraldton)  or  near  Rottnest  Island, 
where  the  Leeuwin  Current  results  in  warmer  water  conditions  and  greater  transfer  of 
tropical  larvae  than  occurs  at  equivalent  latitudes  on  the  mainland  of  Western  Australia 
(Hodgkin  and  Phillips  1969;  Cresswell  and  Golding  1980;  Maxwell  and  Cresswell  1981), 
Preliminary  collection  by  the  author  has  revealed  the  Houtman  Abrolhos  Islands  to  be 
similarly  better  endowed  in  tropical  species  of  hermits  than  are  the  mainland  waters  of 
Geraldton. 
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A new  Pseudonaja  (Serpentes:  Elapidae) 
from  Western  Australia 

G.M.  Storr* 


Abstract 

The  Rottnest  Island  dugite  is  described  as  a new  subspecies 

Pseudonaja  affinis  exilis  subsp.  nov. 

Holotype 

19870  in  Western  Australian  Museum,  collected  by  B.  Davies  on  Rottnest  Island,  Western  Australia 
(32WS,  1 15*»3rE)  on  8 September  I960. 

Paratypes  (all  in  W.A.  Mus.) 

South-west  Division  (WA) 

Rottnest  L (3294,  12794-7,  14922,  15028-9,  19867,  23998,  28896,  48633,  56888,  83928,  87904). 

Diagnosis 

Differing  from  P.  a.  affinis  of  opposite  mainland  in  its  smaller  size  (total  length  up  to 
1 1 62,  V.  1 795  mm),  more  slender  habit,  shorter  tail,  more  longitudinal  scale  rows  before 
vent,  fewer  subcaudals,  more  postoculars  and  much  darker  adult  coloration. 

Description 

Snout-vent  length  223-1005  mm  (N  16,  mean  61 1).  Tail  length  (%  SVL)  15.0-17. 1 (N 
16,  mean  16. 1). 

Postoculars  2 (N  7)  or  3 (6).  Midbody  scale  rows  19  (N  14),  increasing  on  neck  to 
21-25  (N  14,  mean  22.9)  and  decreasing  before  vent  to  17  (N  13)  or  18  (1).  Ventrals 
207-219  (N  12,  mean  213.9).  Subcaudals  48-57  (N  12,  mean  53.3). 

Adult:  upper  and  lateral  surfaces  black  or  blackish  brown;  lower  surface  dark  grey, 
dark  brown  or  brown  with  ventrals  edged  dark  brown.  Juvenile:  head  and  neck  black; 
back  and  tail  pale  brown;  lower  surface  whitish. 

[For  comparison,  measurements  and  meristics  are  given  for  a sample  of  P.  a.  affinis 
from  opposite  mainland,  i.e.  the  Swan  Coastal  Plain  between  Gingin  and  Pinjarra. 
Snout-vent  length  2 15- 1 550  mm  (N  68,  mean  849).  Tail  length  (%  SVL)  14.4-20.7  (N  67, 
mean  17.9).  Postoculars  2 (N  28)  or  3 (7).  Midbody  scale  rows  17  (N  1),  18(1)  or  19(66), 
increasing  on  neck  to  20-26  (N  43,  mean  23.0)  and  decreasing  before  vent  to  15  (N  17), 
16  ( 13)  or  17  (8).  Ventrals  203-226  (N  30,  mean  216.4).  Subcaudals  52-64  (N  30,  mean 
58.2).] 

Derivation  of  name 

Latin  for  small  or  slender. 


* c/o  Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia  6000. 
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Discussion 

In  a study  of  the  tiger  snakes  Notechis  sculatus  on  islands  off  the  South  Australian 
coast,  Schwaner  ( 1 985)  discovered  a correlation  between  size  of  snake  and  size  of  prey. 
For  example,  the  largest  snakes  (SVL  up  to  1324  mm)  were  found  on  the  Franklin 
Islands,  where  they  fed  on  mammals  weighing  up  to  300  g;  the  smallest  snakes  (SVL  up 
to  785mm)  were  on  Roxby  Island,  where  the  largest  prey  was  lizards  weighing  up  to  lOg. 

Possibly  size  in  the  dugite  is  similarly  dependent  on  size  of  prey.  The  mainland  race 
P.  a.  qffinis  evolved  in  a region  inhabited  by  numerous  small  terrestrial  mammals 
(Muridae,  Peramelidae  and  Dasyuridae).  Apart  from  the  recently  introduced  house 
mouse,  there  are  no  rodents  or  other  small  mammals  on  Rottnest  Island;  when  they 
died  out  is  unknow  n,  but  presumably  throughout  much  of  its  evolution  P.  a.  exilis  has 
had  (like  juvenile  D.  a.  affinis)  to  live  mainly  on  lizards. 

There  is  another  small  insular  race  of  dugite,  viz.  P.  a.  tanneri  of  the  Archipelago  of 
the  Recherche.  For  a brief  description  of  tanneri  Sind  for  colour  photographs  of  P.  a. 
affinis  and  P.  a.  exilis  see  Storr  et  al.  (1986).  For  the  distribution  of  subspecies  in 
Western  Australia  see  map.  Figure  1 . 


Figure  1 Map  of  southern  Western  Australia  showing  location  of  Pseudonaja  affinis  exilis  and  P .a. 
tanneri  and  northern  limit  of  P.a.  affinis. 
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Taxonomic  status  of  the  gecko 
Pseudothecadactylus  lindneri  cavaticus  Cogger 

L.A.  Smith* 


Abstract 

Pseudoihecadaciylus  lindneri  cavaticus  is  partly  redescribed  land  elevated  to  a full  species  on 
the  basis  of  examination  of  additional  material. 

I he  description  of  Pseudothecadactylus  lindneri  cavaticus  CoggQ.v  1975  was  based  on  three 
specimens  from  the  Mitchell  Plateau  area  of  Western  Australia.  It  was  distinguished  from  P. 
lindneri  lindneri  Cogger  1975  of  the  Arnhem  Land  Escarpment  inthe  Northern  Territory  by 
its  apparent  lack  of  preanal  pores  (preanal  pores  present  in  nominate  P.  lindneri),  its 
moderately  heterogeneous  dorsal  and  lateral  scales  (scales  homogenous  in  nominate  P. 
lindneri)  its  dorsal  pattern  (dorsal  bands  less  prominent  in  nominate  P.  lindneri)  and  by 
having  the  rostral  usually  contacting  the  nostril  (rostral  excluded  from  nostril  in  nominate  P. 
lindneri).  Subsequent  material  confirms  the  absence  ol  preanal  pores  in  P.  lindneri  cavaticus 
and  other  differences  between  it  and  nominate  P.  lindneri.  On  the  basis  of  these  data  P. 
lindneri  cavaticus  is  partly  redescribed  and  elevated  to  a full  species. 


Diagnosis 

Distinguished  from  other  Pseudothecadactylus  by  its  lack  of  preanal  pores. 

Description 

A large  Pseudothecadactylus  (up  to  22.5  cm  long).  Snout-vent  length  90-1 15  mm. 
Tail  90-108%  of  SVL. 

Rostral  1.75-2.2  times  as  wide  as  high  (mean  2.0),  rarely  with  a short,  weak  median 
groove.  Nostril  surrounded  by  first  labial,  rostral  (usually),  prenasal  (sometimes),  2 
supranasals  and  4-6  postnasals. 

lnterna5als2-3.  Upper  labials  10-14(mean  12.4).  Mental  concave,  truncate,  in  contact 
with  postmental.  Digits  large,  compressed,  with  a continuous  double  series  of  13-19 
(mean  16.7)  lamellae  under  forth  tow.  Scales  on  snout  flat,  polygonal,  on  crown,  back 
and  upper  surfaces  of  limbs  rounded,  moderately  heterogenous,  raised  and  (often  on 
back)  compressed  thus  forming  a blunt  keep.  Preanal  pores  absent.  Males  with  1-3 
(mostly  2)  tubercles  in  cloacal  spur. 

Head  whitish,  mottled  brown.  Body  creamish  with  5-7  dark-edged  brown  bands 
(sometimes  bifurcating).  Tail  with  9-1 1 dark  edged  bands. 

Remarks 

Pseudothecadactylus  cavaticus  is  larger  than  P.  lindneri  (SVL  96-1 15  mm  v,  67-107 
mm)  and  has  more  subdigital  lamellae  under  the  fourth  toe  ( 13-19,  mean  16.7  v.  12-17, 
mean  15.2), 


*Weslern  Australian  Museum.  Francis  STreet,  Perth,  Western  Australia  6000. 
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Material  examined 

Material  examined  is  housed  in  the  Western  Australian  Museum  and  Australian  Museum  R series 
(designated  WAM  and  AM  respectively). 

Pseudoihecaciactylus  vavaficus  (all  WAM  specimens  and  includes  9 males):  Mitchell  Plateau  area 
(R43 1 37, 43175. 43 1 76  [holotype].  56161-62, 561 76-77, 60690,  61638,  64882.  77033-34.  77626),  Boongaree 
1.  (44078-79),  Prince  Regent  River  (46973). 

Pseudol hecadact v/us  lindneri  (includes  1 1 males);  El  Sharana  (WAM  74001-03).  Deaf  Adder  Creek 
(AM37129-33,  39520-21.  42123),  Mt  Brockman  Range  (AM38730-32.  38735),  Oenpelli  (AM76506), 
Jabiluka  area  (AM88616). 
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Subject  Matter 

Reviews,  observations  and  results  of  research  into  all  branches  of  natural  science  and  human 
studies  will  be  considered  for  publication.  However,  emphasis  is  placed  on  studies  pertaining  to 
Western  Australia.  Full  length  papers  should  not  normally  exceed  30  typed  pages.  Short 
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intended  to  accommodate  observations,  results  or  new  records  of  significance ^ that  otherwise 
might  not  get  into  the  literature,  or  for  which  there  is  a particular  urgency  for  publication.  All 
material  must  be  original  and  not  have  been  published  elsewhere. 

Presentation 

Authors  are  advised  to  follow  the  layout  and  style  in  the  most  recent  issue  of  the  Rec.  West. 
Aust.  Mus.  including  headings,  tables,  illustrations  and  references. 

The  title  should  be  concise,  informative  and  contain  key  words  necessary  for  retrieval  by 
modern  searching  techniques.  Names  of  new  taxa  must  not  be  included.  An  abridged  title  (not 
exceeding  50  letter  spaces)  should  be  included  for  use  as  a running  head. 

An  abstract  must  be  given  in  full  length  papers  but  not  short  communications,  summarizing 
the  scope  of  the  work  and  principal  findings.  It  should  normally  not  exceed  2%  of  the  paper 
and  should  be  suitable  for  reprinting  in  reference  periodicals.  Contrary  to  Recommendation  23 
of  the  International  Code  of  Zoological  Nomenclature  it  may  include  names  of  new  taxa. 

Footnotes  are  to  be  avoided,  except  in  papers  dealing  with  historical  subjects. 

The  International  System  of  units  should  be  used. 

Numbers  should  be  spelled  out  from  one  to  nine  in  descriptive  text;  figures  used  for  10  or 
more.  For  associated  groups,  figures  should  be  used  consistently,  e.g.  5 to  10,  not  five  to  10. 

Spelling  should  follow  the  Concise  Oxford  Dictionary . 

Systematic  papers  must  conform  with  the  International  Codes  of  Botanical  and  Zoological 
Nomenclature  and,  as  far  as  possible,  with  their  recommendations. 

Synonymies  should  be  given  in  the  short  form  (taxon,  author,  date,  page)  and  the  full 
reference  cited  at  the  end  of  the  paper. 

Manuscripts 

The  original  and  two  copies  of  manuscripts  and  figures  should  be  submitted  to  the  Editorial 
Committee,  c/-  Publications  Department,  Western  Australian  Museum,  Francis  Street,  Perth, 
Western  Australia  6000.  They  must  be  in  double-spaced  typescript  on  A4  sheets.  All  margins 
should  be  at  least  30  mm  wide.  Tables  plus  headings  and  legends  to  illustrations  should  be  typed 
on  separate  pages.  The  desired  positions  for  insertion  of  tables  and  illustrations  in  the  text 
should  be  indicated  in  pencil.  Tables  should  be  numbered  consecutively,  have  headings  which 
make  them  understandable  without  reference  to  the  text,  and  be  referred  to  in  the  text. 

High  quality  illustrations  are  required  to  size  (13.5  cm  x 18  cm)  or  no  larger  than  32  cm  x 
40  cm  with  sans  serif  lettering  suitable  for  reduction  to  size.  Photographs  must  be  good  quality 
black  and  white  prints,  13  cm  x 18  cm  (5  inches  x 7 inches).  If  scale  line  and  lettering  are 
required  on  photographs  do  not  place  directly  on  to  print.  They  should  be  positioned  on  a clear 
paper  or  film  overlay.  Scale  must  be  indicated  on  illustrations.  All  maps,  line  drawings,  photo- 
graphs and  graphs,  should  be  numbered  in  sequence  and  referred  to  as  Figure/s  in  the  text  and 
captions.  Each  must  have  a brief,  fully  explanatory  caption. 

In  papers  dealing  with  historical  subjects  references  may  be  cited  as  footnotes.  In  all  other 
papers  references  must  be  cited  in  the  text  by  author  and  date  and  all  must  be  listed  alpha- 
betically at  the  end  of  the  paper.  The  names  of  journals  are  abbreviated  according  to  World  List 
of  Scientific  Periodicals.  The  use  of  ‘unpublished  data’  or  ‘personal  communication’  is  dis- 
couraged. 

Processing 

Papers  and  short  communications  are  reviewed  by  at  least  two  referees  and  acceptance  or 
rejection  is  then  decided  by  an  editorial  committee. 

The  senior  author  is  sent  two  sets  of  galley  proofs  (one  to  be  retained)  and  one  set  of  page 
proofs  which  must  be  returned  promptly. 

The  senior  author  will  receive  fifty  free  offprints  of  the  paper.  Additional  offprints  can  be 
ordered  at  page  proof  stage. 
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Extended  descriptions  of  Geocrinia  vitellina  and  Geocrinia  alba 
(Anura:  Myobatrachidae)  from  south-western  Australia, 
with  comments  on  the  status  of  G.  lutea 

J.D.  Roberts*,  G.  Wardell-Johnsonf  and  W.  Barendse*t 


Abstract 

Both  Geocrinia  vitellina  and  G.  alba  have  direct  development  of  the  eggs.  Electrophoretic 
studies  indicate  that  they  are  genetically  distinct.  The  species  differ  in  ventral  colour  and  male 
call,  and  have  restricted  ranges  in  the  Margaret  River  to  Augusta  region.  They  are  related  to  G. 
rosea  and  G.  lutea  but  are  distinguished  by  differences  in  colour  and  male  call  and  there  is 
significant  genetic  differentiation.  The  status  of  G.  lutea  (Main)  as  a genuine  species  is 
confirmed:  this  species  differs  consistently  from  G,  rosea  in  ventral  colour  and  is  genetically 
distinct. 


Introduction 

Geocrinia  (Blake,  1973)  was  erected  for  smooth-bellied  species  of  frogs  previously 
included  in  Crinia.  The  species  referred  to  Geocrinia  shared  a smooth  ventral  skin, 
terrestrial  egg  deposition  and  direct  development  or  partial  terrestrial  egg  development 
followed  by  an  aquatic  tadpole  as  well  as  a number  of  osteological  features.  Three  species 
from  south-western  Western  Australia  were  included  in  Geocrinia:  G.  leai  (Fletcher, 
1898),  G.  ro5ca( Harrison,  1927)  and  G.  lutea  (Mean,  1963).  Tyler  c/o/.  (1984)  treated  G, 
lutea  as  a synonym  of  G.  rosea. 

Two  new  species  of  Geocrinia  from  two  sets  of  geographically  isolated  populations  in 
south-west  W.A.  were  described  by  two  of  us  (W-J.  and  R.)  in  1989  in  a short  note 
drawing  attention  to  their  urgent  need  for  conservation.  Here  we  give  detailed 
taxonomic  descriptions  of  them  and  also  comment  on  and  resurrect  G.  lutea.  G.  vitellina 
and  G,  alba  were  based  on  unspecified  syntypes.  Here  we  designate  lectotypes  and 
enunciate  the  former  syntypic  series.  We  also  specify  type  localities,  i n this  study  we  have 
followed  the  evolutionary  species  concept  of  Simpson  (1961)  expanded  by  Wiley  (e.g. 
Wiley,  198 1 ).  U nder  this  definition  isolated  populations  are  considered  species  if  they  are 
diagnosably  distinct,  and  it  is  thought  likely  that  they  will  have  separate  and  divergent 
evolutionary  futures.  The  latter  decision  is  clearly  a valuejudgement  taken  in  the  context 
of  what  is  known  about  comparable  sympatric  species.  The  biological  species  concept 
cannot  be  applied  in  this  case  as  neither  G.  vitellina  nor  G.  alba  is  sympatric  with  closely 
related  forms. 


^Department  of  Zoology,  University  of  Western  Australia,  Nedlands,  W.A.  6009. 

^Department  of  Conservation  & Land  Management  of  Western  Australia,  Manjimup  Research  Centre, 
Brain  Street,  Manjimup,  W.A.  6258. 

fCurrent  address:  CSIRO  Division  of  Animal  Production,  Box  5545,  Rockhampton 
Mail  Centre,  Qld,  4702. 
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Materials  and  Methods 

Frogs  were  collected  during  a broader  survey  of  geographic  variation  in  Geocrinia  from 
W.  A.  All  specimens  preserved  are  deposited  in  the  Western  Australian  Museum  and  all 
register  numbers  are  for  the  W.  A.  Museum  collection.  Call  structure  analysis  was  based 
on  techniques  described  by  Mahony  & Roberts  (1986).  Pulse  rates  were  averaged  over 
the  whole  call  for  five  calls  per  male.  Pulse  characteristics  and  dominant  frequencies  were 
averaged  from  three  values  for  three  different  calls.  Genetic  comparisons  between  taxa 
were  made  using  electrophoretic  techniques  described  by  Barendse  (1984);  details  of 
enzyme  systems  etc.  surveyed  will  be  given  by  Barendse,  Roberts  and  Wardell-Johnson 
(in  prep.).  Genetic  differences  between  taxa  are  given  as  Nei  distances  (D)  or  Identities  (I, 
Nei  1978)  and  % fixed  differences  (Richardson  et  al.  1986).  We  measured  11 
morphometric  variables:  naris-snout  (NS,  anterior  margin  of  naris  to  line  projecting 
laterally  from  tip  of  snout  measured  with  head  viewed  perpendicularly  from  side),  snout 
overhang  (SO/  H,  tip  of  snout  to  distal  end  of  mandible),  internarial  span  (between  inner 
margins  of  nares),  eye-naris  (EN,  anterior  corner  of  eye  to  posterior  margin  of  naris),  eye 
length  (EL,  anterior  to  posterior  corner  of  eye),  interorbital  distance  (ID,  between 
anterior  corners  of  eyes)  (all  measured  with  a calibrated  micrometer  eyepiece  in  a 
binocular  microscope),  head  length  (HL,  diagonal  measure  from  tip  of  snout  to 
posterior  end  of  quadrat  ojugal),  head  width  (HW,  between  tips  of  quadratojugals),  tibia 
length  (T,  measured  with  leg  flexed),  leg  length  (L,  cloaca  to  tip  of  longest  toe)  and 
snout-vent  length  (SV,  all  measured  with  dial  calipers).  Except  for  the  lectotypes, 
measurements  were  done  on  live  animals  to  avoid  distortion  caused  by  preservation  ( Lee 
1982).  In  addition  we  noted  details  of  colours  in  life  and  pattern  features  on  the  dorsal 
and  ventral  surfaces. 


Systematics 

Geocrinia  vitellina  Wardell-Johnson  and  Roberts,  1989 

Figures  1,  2 and  3 

Syntypes 

Twelve  males,  R86472-76, 2 Dec.  1982,  G.  Wardell-Johnson  & J.  D.  Roberts;  R86477-82,  16  Dec.  1982,  G. 
W'ardell-Johnson  & J.D.  Roberts;  R94467,  15  Nov.  1985,  G.  Wardell-Johnson  and  J.D.  Roberts;  and  one 
female.  R86483,  13  Nov.  1982,  G.  Wardell-Johnson:  all  collected  at  the  intersection  of  Spearwood  Creek 
and  Denny  Road,  20.4  km  ESE  of  Witchcliffe,  W.A.  (1 15f'I9'E,  34‘’4'S). 

Selection  of  lectotype 

Specimen  R94467  is  here  selected  to  be  the  lectotype;  the  remainder  become  paralectotypes. 

Diagnosis 

Small  frog  (adult  males  21.0-24.3  mm,  female  18.0  mm  SV),  light  brown  to  grey, 
mating  call  a series  of  9-15  pulses,  ventral  surface  bright  yellow.  Distinguished  from 
related  species  by  its  call  and  ventral  colouration. 

Description  of  lectotype 

Head  slopes  from  eyes  to  snout  in  profile.  Snout  rounded  and  overhanging  lower  jaw 
slightly.  Canthus  rostralis  slightly  concave,  loreal  region  flattened  and  sloping  laterally 
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from  a line  joining  eye  to  naris.  Nostrils  directed  laterally  and  forwards.  Head  slightly 
longer  than  broad  (HL/HW  1.18).  Eyes  small,  not  prominent  (EL  2.3  mm,  EL/HL 
0.24).  Vomerine  teeth  in  short,  medially-separated  series  behind  choanae,  not  extending 
laterally  beyond  inner  edge  of  the  choanae.  Maxillary  teeth  present.  Tongue  narrow,  an 
elongate  ellipse.  Nostril  about  equidistant  between  eye  and  snout  (EN/NS  1.1).  Fingers 
short,  3>4>2>1.  Toes  short  and  unwebbed,  4>3>5>2>1.  Fingers  and  toes 
approximately  circular  in  transverse  section.  Limbs  short  and  muscular  (T/SV  0.41). 
Ventral  skin  smooth.  Dorsal  colour  in  preservative  light  brown  with  darker  spots  that 
almost  form  flattened  warts.  Dorsal  surface  has  widely-spaced  pores,  generally  opening 
in  the  centre  of  a raised  darker  spot.  Brown  spots  are  aligned  as  two  parallel  rows  of 
larger  spots  extending  from  eyes  to  cloaca.  An  irregular  trans-orbital  bar  is  formed  by 
amalgamating  spots.  Between  the  major  rows  of  spots  along  the  back  there  is  an 
indistinct  mid-dorsal  row  of  smaller  spots  and  the  entire  dorsal  surface  is  covered  in  finer, 
irregularly  spaced  brown  spots.  Loreal  region  dark  brown  with  distinct  edge  line 

a)  c) 


Figure  1 Leclolypes  photographed  live,  a)  G.  vitellina,  lateral  view  b)  G.  vitellina  ventral  view,  the 
darker  area  extending  from  the  mandibular  margin  to  about  half-way  between  the  arms  and 
legs  is  coloured  yellow-orange  in  life  c)  G.  alba  lateral  view  d)  G.  alba  ventral  view,  generally 
white  without  the  yellow-orange  area  in  G.  vitellina. 
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extending  from  snout  through  nostril  to  anterior  corner  of  eye.  Indistinct  series  of  spots 
extends  from  posterior  corner  of  eye  as  a row  along  the  flank.  Dorsal  surface  of  arms  and 
legs  covered  in  irregularly-spaced,  fine  and  larger  brown  spots.  Ventral  surface  appears 
clear  while  in  preservative  flecked  with  very  fine  darker  spots  on  posterior  one-third  of 
venter  between  insertion  of  arms  and  the  legs.  Area  of  darker  pigment,  edged  by  lighter 
line,  surrounds  cloaca  and  extends  to  legs  for  third  of  distance  to  knee.  When  viewed 
posteriorly  legs  are  marked  by  a broad-based  triangle,  with  the  vertex  on  the  cloaca. 
Plantar  surfaces  dark  brown  but  toes  white.  Ventral  surface  of  legs  bears  very  fine  brown 
spots.  Colour  of  dorsal  surface  in  life  was  similar  but  light  brown  changed  to  grey  if  kept 
on  light  background  colours.  Ventral  surface  brilliant  orange-yellow  (the  colour  of  egg 
yolk)  from  mandible  to  about  two  thirds  of  way  back  from  insertion  of  arms  to  cloaca. 
Small  flattened  inner  metatarsal  tubercle,  barely  obvious.  Sub-articular  tubercles  absent. 

Measurements  of  lectotype  (mm):  SV  21.0,  HW  8.3,  HL  9.8,  IN  1.8,  NS  1.2,  SO/  H 
0.5,  EN  1.3,  EL  2.3,  ID  3.9,  T 8.6,  L 27.9. 

Variation 

Paralectotypes  agree  generally  with  lectotype.  In  some,  dorsal  rows  of  spots  are 
clearer  than  in  lectotype;  in  others  they  are  more  obscure.  In  six  specimens  triangle  of 
darker  pigment  surrounds  cloaca  and  extends  down  onto  legs,  as  in  lectotype,  but  in 
remainder,  back  of  femur  is  uniformly  dark.  Extent  of  yellow  on  venter  varies  but  always 
extends  beyond  insertion  of  arms.  In  some  specimens  area  of  yellow  broken  up  by  fine 
white  flecks  along  posterior  margin.  Background  colour  of  dorsal  surface  of  female 
paralectotype  light  grey  to  almost  blue  on  flank,  rather  than  light  brown. 

Mating  Call 

Calls  were  recorded  from  15  males  on  three  dates:  2 & 16. 12. 1982  and  6, 1 1. 1984.  Eight 
of  these  were  collected  and  are  paralectotypes  (R86472-79).  Call  consists  of  a discrete 

a)  G.  vitellina 


= h i ' 1 1 1 1 1 1 1 i 8 

^ 1 


O 


Figure  2 Sound  spectrogrammes  for  a)  G.  vitellina  (soil  temperature  I4.7<^C)  b)  G.  alba  (soil 
temperature  15.4^0.)  Both  were  made  with  a 45  Hz  bandpass  filter. 
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train  of  9-15  pulses  with  pulses  repeatedjust  slowly  enough  to  resolve  by  ear.  Dominant 
frequency  is  low.  Call  is  repeated  irregularly.  Details  of  call  structure  are  given  in  Table  1 
and  a representative  sound  spectrogram  is  given  in  Figure  2. 

Table  1 Call  structure  analyses  for  G.  viiellina  and  G.  alba. 

(a)  temperature-independent  variables,  values  given  are  mean  ± SE 

(b)  regression  equations  relating  pulse  rate  and  soil  temperature.  SEb  is  the  standard  error  of 
the  slope. 


(a)  Temperature-independent  variables 

Species 

Pulse 

Dominant 

Pulse 

Sample 

number 

frequency 

duration 

size 

(kHz) 

(ms) 

vitellina 

11.1  ± .46 

2. 152  ±.04 

7.00  ± .41 

15 

alba 

15.1  ± .49 

2.430  ± .04 

5.20  ±.15 

19* 

(b)  Regressions  of  pulse  rate  on  soil  temperature. 

vitellina 

Pulses.s"*  ==  .6609Temp.  — 

2.4793,  SEb  = .193 

alba 

Pulses.s“'  = .5992Temp. 

0.1913,  SEb  = .116 

All  mean  comparisons  are  significantly  different,  - 33.5,  Fi,32  = 24.5,  F1.32  - 20.4  for  pulse  number,  dominant  frequency  andj>ulse 
duration  respectively:  all,/?<.001.  Both  regressions  are  significant:  alba,  ij*  = 5.2.p<.001,  temp,  range  13.9"  - - 17.5"C;  vitel/ina,  t,3  = 3.4, 
temp,  range  14.4"  I8.0«C.  Slopes  of  regression  lines  do  not  differ  significantly,  ij,  = 0.023.  n.s.,  but  elevations  are  significantly 

different,  F^j,  = 34.7,/?<.U0I. 

*n  = 20  for  pulse  number  and  regression  analyses  for  alba. 


Distribution 

This  species  is  known  only  from  the  section  of  Spearwood  Creek  extending  from 
Denny  Road  to  the  Blackwood  River,  and  from  small  seepages  on  the  northern  bank  of 
the  Blackwood  River  to  the  west  of  the  mouth  of  Spearwood  Creek  (Figure  3).  It  is  most 
abundant  in  seepages  on  the  eastern  side  of  Spearwood  Creek  and  is  rare  over  the  flat 
bottom  of  the  creek  valley.  It  has  not  been  heard  at  any  of  45  sites  on  creeks  visited  within 
a 1 0 km  radius  of  the  type  locality.  The  creeks  where  G.  vitellina  was  not  found  vary  from 
rocky  to  wide  flat-bottomed  creeks  similar  to  Spearwood  Creek.  However,  Spearwood 
Creek  is  in  an  area  of  major  topographic  relief.  Other  flat-bottomed  creeks  are  at  sites 
where  topographic  relief  is  poor.  The  occurrence  at  Spearwood  Creek  may  reflect  very 
localised  suitable  conditions. 

Breeding  Biology 

Males  call  from  small  depressions  in  clay  under  dense  vegetation  cover.  Egg  masses 
often  were  found  close  to  calling  males,  and  are  typical  of  frogs  of  the  G.  rosea  group:  i.e. 
deposited  in  small  depressions,  eggs  hatch  and  the  tadpoles  develop  in  a jelly  mass  with 
no  free  swimming  or  feeding  stage.  Metamorphlings,  reared  in  the  laboratory  from  three 
clutches  of  eggs,  have  been  preserved  (R86484-502). 

Comparison  with  other  species 

G.  vitellina  differs  from  G.  rosea  and  G.  lutea  in  lacking  black  colouration  on  the 
sub-mandibular  skin  in  males,  and  in  other  aspects  of  ventral  and  dorsal  colouration  and 
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pattern:  rows  of  spots  do  not  occur  on  the  dorsal  surface  of  either  G.  rosea  or  G.  lutea. 
The  ventral  surface  of  G.  rosea  varies  in  colour,  but  always  bears  a trace  of  a luminous 
pink  pigment  (Harrison  1927,  Wardell-Johnson  & Roberts,  in  prep,)-  The  ventral 
surface  of  G.  lutea  is  light  yellow  to  fawn  with  an  irregular  wash  of  rusty-orange  (Main, 
1963;  Wardell-Johnson  & Roberts,  in  prep.).  There  is  also  a difference  in  call:  calling  is  a 
continuous  “tk...  tk...  tk...”  in  G.  rosea  and  G.  lutea  (Main,  1963,  1965).  G.  vitellina 
differs  from  G.  leai  in  ventral  colouration,  dorsal  pattern  and  male  call:  calls  of  G.  leal 
comprise  an  introductory  and  repeated,  pulsed  note  (J.D.R.,  unpublished  data)  and  in 
breeding  biology;  eggs  of  G.  leai  are  deposited  close  to  water,  hatch  and  then  the  tadpole 
drops  into  the  water  (Main,  1965).  G.  vitellina  is  distinguished  from  G.  alba  (see  below) 
by  ventral  colour  and  details  of  male  call  (Table  1).  G.  vitellina  is  distinguished  trom 
Crinia  species,  that  it  might  be  confused  with,  by  the  smooth  ventral  skin  (granular  in 
Crinia). 

Etymology 

From  the  latin,  vitellinus,  egg-yolk  yellow,  with  reference  to  the  distinctive  ventral 
colouration. 


been  heard  calling  on  nights  when  males  were  calling  at  other  sites. 
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Geocrinia  alba  Wardell-Johnson  and  Roberts,  1989. 

Figures  I,  2 and  3 

Syntypes 

Fourteen  males,  R94457,  R95955,  R95957-62,  R95964-69  and  a single  female  R95956,4Nov.  1984,  J.D. 
Roberts  & D.  Hebbert,  all  collected  on  Bruce  Road,  1 1.5  km  S of  Witchcliffe,  W.A.  (1 15'>I0'E  34»3'S),  I 
male,  R94466,  15  Nov.  1985  by  G.  Wardell-Johnson  & J.D.  Roberts,  same  locality.  2 males  R95971-72,  7 
Nov.  1984,  Brooks  Road,  7.3  km  ESE  of  Witchcliffe,  J.D.  Roberts  & D.  Hebbert;  1 male,  95970,  Davis 
Road,  3.5  km  ESE  of  Witchcliffe,  7 Nov.  1984,  J.D,  Roberts  & D.  Hebbert. 

Selection  of  lectotype 

Specimen  R94466  is  here  selected  to  be  lectotype;  the  remainder  become  paralectotypes. 

Diagnosis 

Small  (adult  males  20. 1-24.2  mm,  female  16.6  mm  SV),  light  brown  to  grey,  mating 
call  a series  of  1 1-18  pulses,  ventral  surface  white  or  with  a very  faint  yellow  wash  in  both 
sexes.  Distinguished  from  related  species  by  its  call  and  ventral  colouration. 

Description  of  lectotype 

Head  slopes  from  eyes  to  snout  in  profile.  Snout  rounded,  projecting  slightly  and 
marginally  overhanging  lower  jaw.  Canthus  rostralis  slightly  concave,  loreal  region 
flattened  and  sloping  laterally.  Nostrils  directed  laterally  and  forwards.  Head  slightly 
broader  than  long  (HL/  HW  0.96).  Eyes  small,  not  prominent  (EL  2.4  mm,  EL/  HL 
0.30).  Vomerine  teeth  in  short,  medially-separated  series  behind  choanae,  do  not  extend 
laterally  beyond  inner  edge  of  choanae.  Maxillary  teeth  present.  Tongue  narrow,  an 
elongate  ellipse.  Nostril  closer  to  eye  than  to  snout  (EN/NS  0.72).  Fingers  short, 
3>4>2>1.  Toes  short,  unwebbed,  4>3>5>2>L  Fingers  and  toes  approximately 
circular  in  transverse  section.  Limbs  short  and  muscular  (T / S V 0.40).  A small,  flattened 
inner  metatarsal  tubercle,  barely  obvious.  No  sub-articular  tubercles.  Ventral  skin 
smooth.  Dorsal  surface  bears  widely-spaced  pores,  generally  opening  in  centre  of  a 
raised  darker  spot.  In  preservative,  dorsal  colour  light  brown.  Two  rows  of  large  raised 
spots  extend  from  eyes  to  cloaca  and  form  a trans-orbital  bar.  Parallel,  lateral  and 
adjacent  to  the  row  of  large  spots,  a line  of  finer  spots  giving  the  impression  of  a double 
line.  A line  of  fine  dark  spots  almost  forming  a continuous  mid-dorsal  stripe  extends 
from  the  cloaca  about  two  thirds  of  the  distance  to  the  eyes.  I oreal  region  dark  with 
distinct  line  of  spots  continuous  from  eye  along  flank.  A triangular,  darker  region  with 
vertex  on  cloaca  and  extending  to  back  of  thigh.  Ventral  surface  white  with  irregular 
darker  flecks  and  fine  spots  on  underside  of  the  legs.  Plantar  surfaces  dark  brown  but 
toes  white.  In  life,  colours  similar.  A photograph  of  the  lectotype  is  given  in  Figure  1 . The 
photograph  of  G.  alba  in  Wardell-Johnson  & Roberts  ( 1989)  is  of  G.  lutea  not  G.  alba. 

Measurements  of  lectotype  (mm):  SV  21.5,  HW  8.1,  HL7.8,  NS  1.7,  SO/  H 0.4,  IN 
1.7,  EN  1.2,  EL  2.4,  ID  3.4,  T 8.7,  L 28.9. 

Variation 

Paralectotypes  agree  generally  with  lectotype  except  in  details  of  colouration.  In  many 
specimens  ventral  surface  washed  with  a very  pale,  almost  indistinct  yellow.  Edge  of 
submandibular  skin  often  had  a grey-brown  wash.  Dorsal  pattern  sometimes  forms  a 
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series  of  distinct,  well-defined  raised,  large  spots.  In  all  paralectotypes  there  was  an 
approximately  triangular  darker  region  with  vertex  on  cloaca  and  extending  onto  back 
of  thigh:  usually  edged  by  a fine  line  of  luminous  pink  characteristic  of  ventral  surface  of 
G.  rosea^  On  dorsal  side  of  arm  insertions,  many  frogs  had  patch  of  luminous  pink.  In 
specimen  from  Davis  Road  (R95970)  dorsal  pattern  a clearly  defined  series  of  dark 
brown  stripes  (replacing  spots  seen  in  frogs  from  Bruce  Road)  overlain  and  edged  by 
pink  or  yellow-green  markings.  Two  specimens  from  Brooks  Road  (R95971-2) 
approached  the  form  of  dorsal  pattern  described  for  the  Davis  Road  specimen. 

Mating  Call 

Call  consists  of  a discrete  train  of  1 1-18  pulses  repeated  rapidly  — almost  too  fast  to 
resolve  accurately  by  ear.  Dominant  frequency  is  low.  Call  is  repeated  irregularly. 
Details  of  call  structure  are  given  in  Table  1 and  a representative  sound  spectrogram  is 
given  in  Figure  2. 

Distribution 

Specimens  have  only  been  collected  at  three  localities  (Figure  3).  However,  calls  have 
been  heard  at  another  nine  localities  in  the  Witchcliffe-Karridale  area  and  we  presume 
that  these  12  sites  define  the  range  of  this  species.  The  range  is  larger  than  for  G.  vitellina 
but  is  still  very  restricted.  G.  alba  does  not  occur  in  all  creek  systems  in  this  area  (Figure 
3). 

Breeding  Biology 

Males  call  from  small  depressions  in  clay  under  dense  vegetation  cover.  Egg  masses 
were  often  associated  with  calling  males  and  are  typical  of  frogs  of  the  G.  rosea  group:  i.e. 
they  are  deposited  in  small  depressions,  eggs  hatch  and  the  tadpoles  develop  in  a jelly 
mass  with  no  free  swimming  or  feeding  stage. 

Comparison  with  other  species 

Differs  from  G.  rosea,  G.  lutea  and  G.  leal  and  Crinia  species  in  the  ways  described 
above  for  G.  vitellina  except  for  the  difference  in  colour.  Differs  from  G.  vitellina  by 
ventral  colour  (white  or  white  with  a faint  yellow  wash,  not  white  with  brilliant  yellow) 
and  details  of  male  call  (higher  pulse  repetition  rates,  higher  dominant  frequencies, 
shorter  pulse  durations  and  higher  pulse  numbers,  Table  1).  Dorsal  pattern  also 
distinguishes  this  species  from  G.  vitellina:  the  spots  along  the  back  are  larger  in  G.  alba 
and  there  are  less  fine  spots  making  the  dorsal  rows  of  spots  more  obvious. 

Etymology 

From  the  latin  albus,  white.  Named  for  the  ventral  colour. 


Additional  Data 

Genetic  Differences 

G.  alba  and  G.  vitellina  are  genetically  distinct.  Based  on  electrophoretic  analysis  of 
variation  at  12  enzyme  and  four  general  protein  loci,  the  Nei  D value  is  0. 194  (I  = 0.823) 
with  12.5%  fixed  differences.  Details  of  genetic  differences  will  be  given  by  Barendse, 
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Roberts  and  Wardell-Johnson  (in  prep.)-  These  two  new  species  are  also  very  different 
from  G.  rosea  and  G.  lutea  with  D values  of  0.582  or  greater  and  fixed  differences  greater 
than  or  equal  to  25%. 

Morphological  Differentiation:  ratios 

In  our  analyses  of  morphological  variation  only  data  from  the  male  paralectotypes 
were  used.  We  investigated  a total  of  33  possible  ratios  of  the  1 1 morphometric  variables 
measured:  none  of  the  ratios  can  reliably  discriminate  these  two  new  species  or 
discriminate  them  from  G.  lutea  G.  rosea.  Multivariate  analyses  (canonical  variates, 
discriminant  analysis)  of  these  data  sets  do  not  reliably  discriminate  the  four  species 
either:  these  analyses  will  be  presented  in  detail  by  Wardell-Johnson  and  Roberts  (in 
prep.). 


Taxonomic  Status  of  G,  lutea 

We  examined  37  live  specimens  of  G.  rosea  (R865 17-524, 1 he  Colonels,  Warren  River; 
R86540-4I,  Power  Road,  3 km  S of  Pemberton;  R86542-554,  Tramway  Trail,  5.5  km 
N W of  Pemberton;  and  R86458-57 1 , Pine  Creek  Road,  27  km  WS  W of  Manjimup)  and 
27  live  specimens  of  G.  lutea  {KH6503-5 1 6,  Meredith  Road,  10  km  NW  of  Walpole;  and 
R86527-39,  Angove  Road,  4 km  N W of  Walpole).  The  colour  differences  from  G.  rosea 
reported  by  Main  (1963)  are  confirmed.  We  have  recorded  male  calls  and  find  little 
evidence  of  overall  call  differentiation  between  G.  lutea  and  G.  rosea  (Roberts  and 
Wardell-Johnson;  in  prep.).  However,  some  males  of  G.  lutea  call  at  much  higher  rates 
than  others.  In  a sample  of  calls  from  five  males  recorded  at  Angove  Road  the  range  of 
call  repetition  rates  was  3.57s''  to  7.57s~*  with  a temperature  range  of  only  0.4®C.  The 
lower  values  are  typical  of  G.  rosea.  The  variation  in  calling  rate  is  probably  a 
consequence  of  interactions  between  males;  and  therefore  variations  in  chorus  density 
may  account  for  Main’s  (1963)  claim  of  higher  calling  rates  in  G.  lutea.  These  two  taxa 
are  also  genetically  distinct;  Nei’s  D is  0.404  (1  = 0.668)  with  1 2.5%  fixed  differences  based 
on  the  same  number  of  electrophoretically  determined  enzyme  and  protein  phenotypes 
as  discussed  above.  These  levels  of  differentiation  are  characteristic  of  species  level 
differentiation  (Thorpe  1982).  We  regard  G.  as  a valid  species.  The  synonomy  with 
G.  rosea  suggested  by  Tyler  et  ai  (1984)  is  not  justified  but  is  understandable  given  the 
faded  nature  of  the  holotype  of  G.  lutea.  A photograph  of  G.  lutea  (labelled  G.  alba)  is 
given  in  Wardell-Johnson  and  Roberts  (1989). 


Discussion 

The  recognition  of  G.  vitellina  and  G.  alba  is  justified  by  the  clear-cut  differences  in 
ventral  colour  and  the  less  obvious  but  significant  difference  in  male  call.  These 
characters  are  also  the  most  useful  in  species  identification  as  there  is  little  evidence  of 
other  morphological  differentiation.  The  recognition  of  these  two  new  species  is  further 
supported  by  the  genetic  data  which  indicate  a significant  level  of  divergence  between 
them. 
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Similar  levels  of  differentiation  in  colour  and  genotype  exist  between  G.  rosea  and  G. 
lutea  and  there  are  also  incipient  call  differences  between  these  two  species. 

The  level  of  differentiation  of  the  two  western  (G.  alba  and  G.  vitellina)  from  the  two 
eastern  (G.  rosea  and  G.  lutea)  isolates  is  high  in  colour  and  call  and  as  measured  by 
electrophoresis.  The  genetic  differences  are,  however,  below  the  levels  characteristic  of 
generic  differentiation  (Thorpe  1982).  Detailed  data  on  the  differentiation  of  these  four 
Geocrinia  species,  and  discussion  of  the  implications  of  these  data  for  speciation 
processes  and  biogeography  in  south-western  Australia  will  be  given  by  Barendse, 
Roberts  and  Wardell-Johnson  (in  prep.:  genetic  data),  Roberts  and  Wardell-Johnson  (in 
prep.;  male  call)  and  Wardell-Johnson  and  Roberts  (in  prep.:  colour,  morphology  and 
distribution). 
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A new  member  of  the  Lerista  bipes  group  (Lacertilia:  Scincidae) 

from  the  Kimberley 

G.M.  Storr* 


Abstract 

The  new  species,  L.  robusta,  is  superficially  similar  to  L.  ips  which  is  redescribed. 


Introduction 

The  Kimberley  is  the  stronghold  of  the  Lerista  bipes  group  {sensu  Greer  1986).  Seven 
species  are  known  from  the  region,  viz.  L.  bipes,  L.  greeri,  L simillima,  L labialis,  L 
griffmi,  L.  praefrontalis  and  the  one  about  to  be  described;  and  another  two,  L. 
vermicularis  and  L.  ips,  occur  in  its  southern  desert  fringes. 

On  a recent  trip  to  the  Kimberley,  two  young  naturalists  decided  to  investigate  the 
previously  unworked  arid  grasslands  south  of  the  St  George  Ranges.  They  were 
rewarded  with  the  discovery  of  a new  Lerista  differing  in  its  stout  habit  from  all  other 
members  of  the  bipes  group  except  L.  ips. 

A good  number  of  L.  ips  has  been  collected  in  the  last  few  years,  permitting  its 
redescription.  All  the  specimens  cited  in  this  paper  are  lodged  in  the  Western  Australian 
Museum. 


Lerista  robusta  sp.  nov. 

Figure  1 

Holotype 

100992  in  Western  Australian  Museum,  collected  by  B.  Maryan  and  D.  Robinson  on  9 July  1989  at  Egans 
Bore,  50  km  W Cherrabun,  Western  Australia,  in  I8*^56’S,  125W’E. 

Paratypes 

Kimberley  Division  (WA):  Egans  Bore  (100993-4). 

Diagnosis 

A large  stout  member  of  the  L.  bipes  group  with  no  fingers  (no  trace  of  forelimb  or 
groove),  two  toes  and  lower  eyelid  apparently  immovable.  Similar  in  habit  to  L.  ips  but 
snout  not  quite  so  low  or  sharp  in  profile;  eye  larger  (at  least  half  as  large  as  subocular 
labial,  v.  one-third  or  less),  two  loreals  (v.  one),  one  or  two  supraciliaries  (v.  none)  and 
darker  with  stronger  colour  pattern. 

Description 

Snout-vent  length  (mm):  60-63.5  (N  3).  Length  of  appendages  (%  SVL):  hindleg 
13.7-14.9;  tail  74-101. 


* C/0  Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia,  6000. 
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Figure  1.  Side  of  head  in  Lerista  robusta  (left)  and  L.  ips  (right),  showing  differences  in  loreal  and 
supraciliary  regions. 

Nasals  narrowly  separated.  No  prefrontals  (apparently  fused  to  second  loreal). 
Frontoparietals  and  parietal  fused  into  large  triangular  shield.  Nuchals  0-2. 
Supraoculars  3,  first  two  in  contact  with  frontal.  Supraciliaries  0 + 1 or  0 + 2.  Loreals  2. 
Preocular  I . Upper  labials  6 (5  on  one  side  of  one  specimen,  owing  to  fusion  of  second 
and  third).  Temporals  3,  upper  secondary  largest  or  subequal  to  primary,  lower 
secondary  much  the  smallest.  Ear  aperture  very  small  (smaller  than  nostril).  Midbody 
scale  rows  20.  Lamellae  under  longer  toe  8-10. 

Dorsal  and  upper  lateral  surfaces  pale  greyish  brown,  indistinctly  marked  with 
blackish  brown:  four  series  of  dorsal  dots  or  short  dashes,  each  series  passing  through 
centre  of  a scale;  and  loreotemporal  streak,  continuing  on  to  body  as  a hollow  stripe 
(actually  two  series  of  triangular  spots).  Pattern  on  tail  similar  to  that  on  back  but  more 
diffuse.  Lower  surfaces  whitish. 

Distribution 

Only  known  from  one  locality  in  arid  southern  interior  of  Kimberley.  See  map  Figure 

2. 


Lerista  ips  Storr 
Figure  1 

Lerista  ips  Storr  1980:  441. 

Diagnosis 

A large  stout  short-tailed  member  of  the  L.  bipes  group  with  long  low  snout  extending 
well  beyond  mouth  and  very  sharp  in  profile,  no  fingers  (no  trace  of  foreleg  or  groove), 
two  toes  and  lower  eyelid  apparently  immovable.  Most  like  L.  robusta  but  having  little 
or  no  colour  pattern,  very  small  eye  (at  most  one-third  size  of  subocular  labial),  single 
loreal  and  no  supraciliaries. 

Description 

Snout-vent  length  (mm):  31-72  (N  27,  mean  60.3).  Length  of  appendages  (%  SVL): 
hindleg  14.2-19.4  (N  18,  mean  16.5);  tail  52-74  (N  1 1,  mean  66.5). 
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Nasals  separated,  widely  to  moderately  widely  (N  26)  or  narrowly  (2).  No  prefrontals. 
Frontoparietals  and  interparietal  fused  into  a large  triangular  shield.  Nuchals  0-3  (N  28, 
mostly  2,  mean  1.8).  Supraoculars  3 (2  in  two  specimens  owing  to  fusion  of  second  with 
frontoparietal),  first  two  in  contact  with  frontal,  first  and  third  in  short  contact.  No 
supraciliaries  (third  supraocular  mistaken  for  a supraciliary  in  original  description). 
Loreals  fused  into  a long  low  scale.  Preocular  1.  Upper  labials  6.  Temporals  3,  upper 
secondary  usually  largest  (sometimes  subequal  to  primary),  lower  secondary  much  the 
smallest.  Ear  aperture  small  (a  little  larger  or  little  smaller  than  nostril).  Midbody  scale 
rows  20  (N  16)  or  21  (1).  Lamellae  under  longer  toe  8-10  (N  17,  mean  9.8). 

Dorsal  and  upper  lateral  surfaces  pale  brownish  pink,  dorsals  usually  flecked  with 
brown  (flecks  largest  and  darkest  on  outermost  scales).  Faint  brown  loreotemporal 
streak.  Lower  surfaces  white. 

Distribution 

Great  Sandy  and  Gibson  Deserts  of  Western  Australia  and  adjacent  desert  of 
Northern  Territory.  See  map  Figure  2. 


Figure  2.  Map  of  northern  Western  Australia,  showing  location  of  specimens  of  Lerista  robusta  (spot)  and 
L ips  (circles). 
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Material 

Eastern  Division  (WA):  McLarty  Hills  (75811);  Dragon  Tree  Soak  (75804,  8I65I-2,  81655-6);  55  km  S 
Anna  Plains  (88876-9,  88882-4,  96883-5);  19  km  NE  Sandfire  Flat  (87360)  and  7 km  E (87008);  Joanna 
Spring  (75779);  Well  39,  Canning  Stock  Route  (94899, 94932-3);  near  Lake  Auld  (63562);  Well  26,  Canning 
Stock  Route  (83757,  83775);  6 km  SE  Well  21,  Canning  Stock  Route  (97242);  55  km  W Lake  Farnham 
(73867). 
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The  taxonomic  status  of  Lerista  aericeps  Storr  1986  with  a diagnosis 
of  the  Lerista  orientalis  species  group. 

Allen  E.  Greer* 


Abstract 

Lerista  aericeps  aericeps  Storr,  1986  is  shown  to  be  a junior  synonym  of  Lerista  xanthura 
Storr,  1976.  L.  a.  taeniata  Storr,  1986  is  a distinct  species.  The  L.  orientalis  species  group,  of 
which  these  species  are  members,  is  diagnosed  and  a key  to  the  species  of  the  group  is 
presented. 


Introduction 

Lerista  aericeps  was  recently  described  as  a new  species  with  two  subspecies:  L.  a. 
aericeps  from  the  southeastern  Northern  Territory  and  southwestern  Queensland  and  L. 
a.  taeniata  from  the  central  western  Northern  Territory  (Storr  1986).  This  taxonomic 
arrangement  created  a unique  situation  in  Lera/a.*two  distinctly  patterned  forms  in  one 
species  — a plain  form  (aericeps)  tMiA  a strongly  laterally  striped  form  (taeniata).  Upon 
examining  this  situation,  a different  taxonomic  arrangement  became  evident  which 
appears  to  resolve  the  colour  pattern  anomaly.  This  new  taxonomic  arrangement  is 
presented  here  in  the  slightly  larger  context  of  the  Lerista  orientalis  species  group  to 
which  these  species  appear  to  belong. 


The  Lerista  orientalis  Species  Group 

The  Lerista  orientalis  species  group  consists  of  four  species  and  may  be  diagnosed 
vis-a-vis  all  other  Lerista  (Greer  1986)  on  the  basis  of  the  following  derived  characters: 
supraoculars  three;  pretemporals  fused;  supraciliaries  five,  third  and  fourth 
interdigitating  with  supraoculars;  spectacle  present;  size  small  (maximum  SVL  = 53mm); 
supralabials  six;  phalangeal  formula  0.2. 3. 4.2/ 0.2. 3. 5. 3.  (or  less),  and  presacral  vertebrae 
^ 35.  The  species  included  are  L.  muelleri,  L.  orientalis,  L.  taeniata  and  L.  xanthura.  The 
group  as  a whole  ranges  widely  throughout  the  central  and  eastern  parts  of  arid, 
semi-arid  and  seasonably  dry  Australia. 

Certain  members  of  the  Lerista  orientalis  species  group,  viz.  L.  muelleri  and  L. 
xanthura,  have  been  placed  into  a L.  elegans  species  group  along  with  L.  christmae,  L. 
distinguenda,  L.  elegans,  L.  haroldi,  L.  frosti,  L.  microtis,  L.  separanda  and  L. 
terdigitata  (^iovx  1983;  Storr  cf  a/.  1981).  Unfortunately  none  of  the  characters  used  to 
recognise  this  group  were  cast  in  terms  of  primitive,  derived  characters  and  none  appear 
to  be  derived,  except  perhaps  for  “foreleg  about  half  as  long  as  hindleg  . However, 
several  of  these  species,  along  with  Lerista  lineata  (placed  in  its  own  group  by  Storr  et  ai 
1981)  and  L.  stictopleura  (unable  to  be  allotted  to  a species  group  by  Storr  1985),  can  be 


*The  Australian  Museum,  6-8  College  Street,  Sydney,  N.S.W.  2000 
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diagnosed  as  a lineage  on  the  basis  of  the  following  derived  characters:  supraoculars 
three;  pretemporals  fused;  supraciliaries  four.  i.e.  first  two  supraciliaries  fused;  spectacle 
present;  size  small  (maximum  SVL  = 58mm);  supralabials  six;  phalangeal  formula 
0.2.4.5.3/0.2.4.5.4.(or  less),  and  presacral  vertebrae  >31.  The  species  included  in  this 
version  of  the  L.  elegans  gvoxx^  L.  christinae,  L.  distinguenda,  L.  elegans,  L.  haroldi, 
L.  Uneata,  L separanda  and  L.  stictopleura.  The  group  occurs  primarily  along  the  far 
west  coast. 

Although  the  L.  orientalis  and  L.  elegans  groups  share  a large  number  of  derived 
characters  they  can  be  distinguished  as  lineages  by  the  former  having  a more  reduced 
phalanegal  formula,  i.e.  0.2. 3, 4.2/ 0.2. 3. 5. 3 and  the  latter  having  the  first  two 
supraciliaries  fused.  The  two  groups  are  also  centered  over  different  areas,  the  L. 
orientalis  group  over  the  central  and  eastern  parts  of  Australia  and  the  L elegans  group 
over  the  far  west.  Both  groups  are  distinct  in  having  a spectacle,  a feature  shared  only 
with  a few  species  in  the  Lerista  bipes  and  L.  nichollsi  groups  (for  the  distinguishing 
characters  of  which  see  Greer  1986). 

The  Status  of  Lerista  aericeps 

Lerista  aericeps  aericeps  appears  to  be  conspecific  with  L xanthura.  It  was  diagnosed 
against  this  latter  species  “by  its  coppery  head,  faintly  spotted  back  and  tail,  and  single 


Figure  1:  The  preocular  region  in  two  specimens  from  the  same  population  of  Lerista  xanthura  showing 
variation  in  the  relative  size  of  the  upper  preocular  scale  (upo).  Top  - AM  R 1 13224  and 
bottom  — R 1 13223  both  from  25  km  N of  Poeppel  Corner,  Qld.  In  some  populations  the  upper 
preocular  is  even  more  reduced  than  shown  here.  The  scale  is  I mm. 
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Figure  2:  Map  of  Australia  showing  the  distribution  of  the  members  of  the  Lerista  orientalis  species  group 
with  four  digits  on  each  limb:  /,.  taeniata  (open  circles).  L.  xanthura  (closed  circles),  and  L. 
orienialis  (stars).  A single  symbol  may  cover  more  than  one  locality.  1 he  half-closed  circle 
indicates  a locality  of  sympatry  between  L.  laeniaia  and  L.  xanthura. 


preocular  (rather  than  two).”  However,  the  head  colour  difference  is  not  evident  to  me  in 
preserved  specimens,  and  the  spotting  in  the  back  and  tail  is  variable  with  very  pale  and 
only  slightly  spotted  (along  the  flanks  and  tail)  specimens  possibly  being  associated  with 
relatively  open  habitats  (e.g.  AM  R 26388,  26553-54  and  113222  — see  Specimens 
Examined  section),  although  admittedly  no  specimen  examined  other  than  the  type  of  L. 
xanthura  was  completely  patternless.  The  preocular  configuration  is  also  variable, 
ranging  from  two,  more  or  less  equally  well-developed,  preoculars  to  a large  lower  and 
much  reduced  upper  preocular  (Figure  1);  in  fact,  the  holotype  of  L.  a.  aericeps  (NTM 
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A / S R 1 568)  shows  virtually  the  two  extremes  on  the  two  sides  of  the  head.  None  of  this 
colour  or  squamation  variation  is  incompatible  with  an  interpretation  ol  there  being 
only  one  species,  and  the  name  for  this  one  species  should  be,  by  priority,  Lerista 
xanthura. 

Two  geographically  separable  populations  appear  to  be  recognizable  within  Lerista 
xanthura  on  the  basis  of  the  degree  of  contact  between  the  nasals.  One  has  the  nasals  in 
contact  or  only  narrowly  separated  and  occurs  in  central  eastern  Western  Australia, 
southern  Northern  Territory,  southwestern  Queensland,  northeastern  South  Australia 
and  northwestern  New  South  Wales.  The  types  of  L.  xanthura  and  L aericeps  aericeps 
are  both  members  of  this  population,  the  former  having  the  nasals  in  broad  contact,  the 
latter  having  them  barely  separate.  The  second  population  usually  has  the  nasals  well 
separated  or  rarely  in  narrow  contact  and  occurs  in  southwestern  New  South  Wales  and 
southeastern  South  Australia  (Figure  2). 

In  contrast  to  Lerista  a.  aericeps,  L.  a,  taeniata  appears  to  be  a distinct  species, 
recognisable  by  the  characters  given  in  the  key  and  in  Table  1.  Examination  oi  South 
Australian  Museum  material  reveals  two  new  locality  records  lor  L.  taeniata:  3 km  S of 
New  Mulgaria  H.S.  (SAM  R 19060)  and  5.5  km  S of  Immarna  Siding(SAM  R 32057). 
The  former  locality  also  establishes  L taeniata  as  occurring  sympatrically  with  L 
xanthura  (SAM  R 19074).  The  widely  disjunct  distribution  of  L.  taeniata  (¥'\g\xx^  l)is 
intriguing;  however,  more  information  is  needed  on  the  distribution  and  microhabitat  ol 
L.  taeniata  and  its  congeners  before  the  reasons  for  the  disjunction  become  evident.  In 
the  meantime  additional  specimens  should  be  sought  in  the  southwest  Northern 
Territory  and  northwest  South  Australia. 


Key  to  the  species  of  the  Lerista  orientalis  species  group 

1.  Digits  4 4;  premaxillary  teeth  5-6 2 

Digits  3 3;  premaxillary  teeth  7 muelleri 

2.  Sides  usually  with  a distinct  dark  lateral  stripe,  but  if 
lateral  stripe  indistinct,  overall  colour  silver  to  grey; 

midbody  scalerows  usually  20  2 

Sides  virtually  the  same  colour  as  back,  overall  colour 


sandy  to  beige;  midbody  scale  row's  usually  18  xanthura 

3.  Dark  lateral  stripe  only  vaguely  or  moderately  distinct 
from  dark  back  colour;  scales  on  dorsum  of  fourth  finger 

5-8  (only  4%  with  8);  hindlimb  17-24%  of  SVL orientalis 

Dark  lateral  stripe  strongly  distinct  from  light  back 
colour;  scales  on  dorsum  of  fourth  finger  7-8  (only  8%  with 
7);  hindlimb  27-34%  of  SVL  taeniata 


Specimens  examined 

There  are  some  apparent  errors  in  the  localities  lor  several  of  the  NTM  specimens  used  in  the 
original  description  of  Lerisia  aericeps  and  its  subspecies  (Storr  1986).  The  localities  used  here  are 
those  used  in  the  NTM  register  and  hence  presumably  correct. 


446 


Allen  E.  Greer 


Table  1 Distinguishing  characters  between  Lerista  laeniata  and  L xanthura. 


Character 

L. laeniata 

L.  xanthura 

t or  X- 

Colour  of  flanks 

Distinct  dark  stripe 

Usually  no  stripe; 

along  length  of  flank 

occasionally  a faint 
suggestion  of  a stripe 
anteriorly 

Midbody  scale 

18-20,  mode  20:  mean 

18-19,  mode  18;  mean 

rows 

19.4,  SD  .96,  N 13 

18.4,  SD  .48.  N 61 

t = 5.64*** 

Scales  on  dorsum 
of  fourth  finger 

r 17.41*** 

(based  on 
combined  cells) 

5 

0 

2 

6 

0 

39 

7 

2 

24 

8 

12 

2 

Presacral 

34-37,  mean  35.4, 

36-41,  mean  38.6, 

vertebrae 

SD  1.00,  N 12 

SD  .87,  N 68 

t - I 1.48*** 

Subdigital 

15-20,  mean  16.9, 

14-18.  mean  15.4, 

lamellae 
(4th  toe) 

SD  1.35.  N 14 

SD  LOO.  N 59 

t = 4.72*** 

Lerisia  laeniata 

Northern  Territory  Museum  (NTM)  (all  localities  are  in  the  Northern  Territory):  A S R 1043: 
Tanami  Desert  (20'’ 1 5'S,  131"45'E);  A/S  R 1565-67,  1569-72:  Tanami  Desert  (20''34'S,  I30'*38'E);  A/S  R 
1314;  Sangsters  Bore  {20053'S,  I30^’24'E);  A;S  R 1574-1576:  20  km  E of  the  Granites  (20)34'S,  I30'^38'E). 
A/S  R 1566  is  the  holotype  of  L.  aericeps  laeniata,  all  other  specimens  except  R 1565  are  paratypes. 

South  Australian  Museum  R 19060:  3 km  SW  oi  New  Mulgaria  H.S.;  R 32057:  5.5  km  S of 
Immarna  Siding. 

Lerisia  xanthura 

Australian  Museum  ( A M ) R 26388:  near  Lake  Hopkins  on  W.  A.  N.  1 . border;  A M R 26536:  Near 
Old  Andado  Sta.,  N.T.;  R 26553-54;  Near  Andado  Sta.,  N.T.;  R 32606:  Kinchega  Nat'L  Pk..  N.S.W.; 
R 49547:  Mt.  Doreen,  N.T.:  R 52048:  Barrow  Creek.  N.T..;  R 61386:  Port  Grey.  N.S.  W.;  R 68366-70: 
64.5  km  E of  Menindee  on  1 van  hoe  road.  N.S.  W. ; R 68371-80:  12.5  mi  E ot  Menindec;  R 68381:  same 
data  as  R 68366-70;  R73739-40;  Kinchega  Nat'L  Pk.  near  Menindee,  N.S.W.;  R 87671:  same  data  as 
R32606;  R 93700;  10  km  N of  Sandringham  homestead,  Q\d:  R95770:  Barrow  Creek.  N.  I .;  R 105992: 
Bineah  Downs,  N.S.W.;  R 1 13223-25,  1 14143:  25  km  N of  Poeppel  Corner,  Qld;  R 1 13222:  20  km  N of 
Ethabuka  Stn.  headquarters,  NW  of  Bedourie,  Qld. 

Northern  Territory  Museum  (NLM)  (all  localities  are  in  the  N.  I.):  R 6445:  Krewena;  R 11004: 
Barrow  Creek;  A S R 50:  16  km  N of  Alice  Springs;  A S R 379:  Andado  Sta.;  A S R 1 140:  Kurundi 
Station  (20«37'S,  I34050'E);  A/S  R 1568:  25  km  S of  Alice  Springs  (23“57'S.  133‘'56'E);  A S R 1573:  1 km  N 
ofEwaninga(23058'S,  133055'E).  Based  on  its  locality  A/ S R 1568  is  the  holotype  of  C aericeps  aericeps  noi 
R 1 565  as  stated  in  the  original  description  (fide  P.  Horner,  in  lilt',  R 1 565  is  a L.  laeniata)',  all  A ; S specimens 
are  paratypes  of  L.  a.  aericeps. 
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Queensland  Museum  (QM)  (all  localities  in  Queensland):  J 26502:  Cuddapan  aerodrome;  J 34137: 
Cluny;  J 39572:  Durrie  Station  via  Birdsville;  J 44235;  25  km  N of  Poeppel  Corner;  first  three 
specimens  are  paratypes  of  L.  a.  aericeps. 

South  Australian  Museum  (SAM)  (all  localities  are  in  South  Australia  unless  indicated  otherwise) 
R 3376A-B:  Tennant  Creek,  N.T.;  R 3377:  Baratta  Stn  via  Yunta;  R 3378:  Barrow  Creek,  N.T.;  R. 
5122:  Tibooburra,  N.S.W.;  R I 1954;  Old  Moolawatana  H.S.;  R 12426A-B;  Frome  Downs  H.S.;  R 
14884:  Glenmanyie  Bore;  R 15041;  Bungunnia  Sta.  ( 10  km  W,  18  km  N Morgan);  R 15952;  Farina; 
168I9A-G:  within  3 km  of  Strathearn  H.S.;  R 17282:  Wastells  Dam,  Billa  Kalina;  R 17333-35: 
Slrathearn  H.S.:  R 18049:  Wilpoorina  Sin;  R 19074;  3 km  SW  of  New  Mulgaria  H.S.;  R 19075:  15  km 
E of  Frome  Downs  H.S.;  R 20941.  20962-63:  Olympic  Dam  area,  Roxby  Downs:  R 24549;  Cooper 
Creek  area;  R 24904:  Gammon  Rgs  Nat.  Park;  R 28145:  W of  Marree;  R 29943;  24  km  along  Mulga 
Park  road.  SSE  Curtin  Springs  H.S.;  R 31012-13;  7 km  S of  Prescott  Point,  Lake  Eyre;  R 32057:  5.5 
km  S of  Immarna  siding;  R 32452,  32454:  Coongie  Lake. 

Western  Australian  Museum  (WAM):  R 40174:  7 km  SW  of  the  Pollock  Hills,  W.A.;  specimen  is 
holotype  of  L xanthura. 


Acknowledgements 

I thank  T.  Goh  and  J.  Nancarrow  for  typing;  P.  Koshland  for  artwork  (Figure  I);  A. 
Edwards  (SAM)  and  P.  Horner  and  M.  King  (NTM)  for  loan  of  specimens,  and  P. 
Horner,  R.  Sadlier,  G.  Shea,  G.  Storr  and  an  anonymous  reviewer  for  critically  reading 
the  manuscript. 


References 

Greer.  A.E.  1986.  Diagnosis  of  the  Lerisia  hipes  species-group  (Lacertilia:  Scincidae),  with  a description  of  a 
new  species  and  an  updated  diagnosis  of  the  genus.  Rec.  West.  Aust.  Mas.  13(1):  121-127. 

Storr,  G.M.  1983.  Two  new  lizards  from  Western  Australia  (genera  Diplodaciylus  d^nd  Lerisia).  Rec.  West. 
Aust.  Mus.  11(1):  59-62. 

Storr,  G.M.  1985.  Two  new  skinks  (Lacertilia:  Scincidae)  from  Western  Australia.  Rec.  West.  Aust.  Mus. 
12(2):  193-196. 

Storr,  G.M.  1986.  A new  species  of  Lerisia  (Lacertilia:  Scincidae)  with  two  subspecies  from  central 
Australia.  Rec.  West.  Aust.  Mus.  13(1):  145-149. 

Storr,  G.M..  L.A.  Smith  and  R.E.  Johnstone  1981.  Lizards  of  Western  Australia.  1.  Skinks.  Univ.  W.A. 
Press,  Nedlands;  200pp. 


Received  6 September  1989 


Accepted  8 February  1990 


Published  14  May  1990 


448 


Rec.  West.  Aust.  Mus.  1990.  14(4):  449-459 


Reproductive  and  dietary  biology  of  Nephrurus 
and  Underwoodisaurus  (Gekkonidae)  in  Western  Australia 

R.A.  How,  J.  Dell  and  B.D.  Wellington* 

Abstract 

Six  species  of  Nephrurus  and  Underwoodisaurus  milii  are  found  in  Western  Australia  and 
adjacent  areas  of  adjoining  states.  Dissection  of  1 163  specimens  of  the  seven  species  provided 
data  on  size  and  maturity,  sex  dimorphism,  seasonal  reproductive  pattern  and  diet.  Adult 
females  were  larger  than  adult  males  in  all  seven  species,  however,  in  Nephrurus  spp  this 
difference  (around  20  percent)  was  the  largest  recorded  in  geckos.  Sexual  maturity  in  male 
Nephruruss,^'^  was  attained  at  between  82-89  percent  of  the  size  of  females  at  maturity,  and  at 
92  percent  in  U.  milii.  Sex  ratio  amongst  adults  was  near  parity.  Vitellogenesis  and 
spermatogensis  in  Nephrurus  spp  can  probably  occur  in  any  month  under  favourable 
environmental  conditions,  but  in  U.  milii  male  gonads  increase  in  size  over  winter  and 
vitellogenesis,  ovulation  and  oviposition  are  focussed  in  spring  and  summer.  Sequential 
clutches  were  recorded  for  all  species.  Diet  is  primarily  arthropods  but  some  larger  Nephrurus 
spp  eat  smaller  geckos.  Species  occupying  sandy  substrates  have  the  most  similar  diets. 


Introduction 

Reproductive  cycles  in  Australian  reptiles  show  a diverse  array  of  patterns  (Heatwole 
and  Taylor  1987).  However,  as  is  common  in  many  reviews  of  reptile  reproduction  and 
population  dynamics  geckos  have  received  little  attention,  due  principally  to  their 
invariate  clutch  size  of  either  one  or  two  eggs  (Ballinger  1983;  Fitch  1970). 

In  Western  Australia  there  are  58  species  of  geckos  occurring  in  all  climatic  and 
vegetation  associations  from  the  humid  tropics,  through  the  arid  and  semi-arid  centre  of 
the  state  to  the  mesic  south-west  (Storr,  Smith  & Johnstone  1989).  The  knob-tailed 
gecko  genus,  Nephrurus,  occurs  in  a wide  variety  of  habitats  from  the  northern  tropics  to 
the  semi-arid  southwest.  The  closely  related  Underwoodisaurus  milii  is  distributed 
across  temperate  southern  Australia  and  adjacent  islands. 

In  this  paper  we  examine  the  diet,  reproductive  pattern,  size,  sex-ratio  and  maturity  of 
these  species  and  compare  this  with  published  data  on  congeners  and  contamilials. 

The  largest  species  is  N.  asper  which  is  distributed  widely  in  the  Kimberley  of  northern 
Western  Australia,  across  the  Northern  Territory  and  into  western  and  northern 
Queensland.  It  is  found  on  heavy  loam  soils  which  have  numerous  rocks  under  which  it 
lives.  Nephrurus  laevissirnus  occurs  on  sandy  ridges  and  dunes  throughout  much  of  arid 
eastern  Western  Australia,  southwestern  Northern  Territory  and  northwestern  South 
Australia.  The  arid  sandplain  specialist  N.  levis  is  distributed  over  most  of  Western 
Australia  except  for  the  Kimberley  and  southwestern  quarter;  it  is  also  found  in  the 
south  of  the  Northern  Territory  and  the  adjacent  corners  of  Queensland  and  New  South 
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Wales.  The  semi-arid  sandplains  of  southern  Western  Australia  and  western  South 
Australia  are  occupied  by  N,  stellatus.  The  endemic  Western  Australian  species  N. 
vertebralis  is  found  on  the  heavier  loamy  soils  of  the  western  interior  and  is  often 
associated  with  mulga.  Acacia  aneura.  Nephrurus  wheeleri  is  also  endemic  to  Western 
Australia,  also  prefers  heavy  loams,  but  is  generally  distributed  north  of  N.  vertebralis  in 
the  Pilbara  and  upper  Murchison  regions.  The  mainly  rock-inhabiting 
Underwoodisaurus  milii  is  distributed  over  much  of  southern  Australia,  but  in  Western 
Australia  is  restricted  to  the  region  dominated  by  winter  rainfall,  except  for  the  extreme 
south  west.  The  distribution  encompasses  the  islands  of  the  Houtman  Abrolhos,  West 
Coast  and  Recherche  Arcipelago.  All  species  are  terrestrial  and  nocturnal. 


Methods 

This  study  is  based  on  examination  of  1163  specimens  from  the  collections  of  the 
Western  Australian,  South  Australian  and  Northern  Territory  Museums.  A total  of  70 
Nephrurus  asper,  199  N.  laevissimus,  263  N.  levis,  11  N.  stellatus,  40  N.  vertebralis,  50  N. 
wheeleri  and  464  Underwoodisaurus  milii  were  examined  that  had  been  collected 
opportunistically  over  the  last  60-70  years. 

Snout-vent  length  (SVL)  was  measured  on  all  specimens.  Mid-ventral  and  lateral 
incisions  were  then  made  to  examine  reproductive  tracts.  Maximum  length  and  width  of 
testes,  ovarian  follicles,  and  oviducal  eggs  were  measured  by  one  of  us  (BDW)  using  dial 
vernier  calipers  to  the  nearest  0. 1 mm. 

Stomach  contents  were  removed  and  sorted  into  major  prey  categories.  Plant 
material,  sand,  feathers  (presumably  ingested  accidentally),  and  parasitic  nematodes 
were  not  considered  as  part  of  the  diet  in  calculations  of  dietary  breadth  and  overlap. 
Prey  categories  conform  approximately  with  those  of  Pianka  and  Pianka  (1976). 

Females  were  judged  as  adult  by  the  presence  of  thickened  or  convoluted  oviducts 
and/or  the  presence  of  enlarged  yolked  follicles  or  eggs;  reproductively  active  females 
were  those  with  yolky  follicles,  eggs  or  both.  Females  with  oviducts  previously  removed 
were  excluded  from  analysis.  Males  showed  considerable  variation  in  testicular  size  but 
were  deemed  adult  by  expanded  efferent  ducts  and  enlarged  testes.  Reproductive 
information  was  assessed  by  month  regardless  of  year  of  collection. 

The  volume  of  testes,  follicles  or  eggs  was  estimated  to  the  nearest  0. 1 mm  using  the 
equation  for  a prolate  spheroid  (Selby,  1965):  V = 4/  3 (1/  2)(w/  2)-  where  1 is  length  and  w 
is  width.  Calculation  of  dietary  breadth  followed  the  method  of  Pianka  and  Pianka 
(1976) 


n 

n ^ PF 
i=l 

where  pi  is  the  proportion  (by  number)  of  the  ith  resource  and  n the  number  of 
resource  categories. 
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Dietary  overlap  is 


Ojk 


n 

X Pu  P>k 

i=l 


Pik2 


where  n is  the  number  of  resource  states  and  pu  and  pik  are  the  proportions  (by  numbers) 
of  the  ith  resource  used  by  the  jth  and  kth  species  respectively. 

Data  are  summarized  as  mean,  standard  deviation,  and  sample  size.  Where 
appropriate,  data  were  submitted  to  a least  squares  regression  analysis. 


Results 

Body  Size  and  Sex  Ratio 

The  body  size  of  adults  showed  significant  sexual  dimorphism  in  all  species  examined 
(Table  1 ).  Within  the  genus  Nephrurus  females  were  almost  20  percent  larger  than  males 
in  all  species.  Female  Underwoodisaurus  were  only  slightly  larger  than  males. 


Table  1:  Mean  and  maximum  snout-vent  lengths  (SVL),  size  ratio  and  sex  ratio  of  six  adult  Nephrurus 

species  and  Underwoodisaurus,  and  the  number  of  sub-adults  and  Juveniles  examined. 

(**+  -p  <0.001  for  male  and  female  SVL  comparison). 


Species 

Adult 

Preadults 

X 

3SSVL 

SD  n 

max 

x 

9$svi 

SD 

n 

max 

59 

SVL 

Sex 

Ratio 

n 

N.  asper 

84.9 

1 1.0 

24 

102.5 

98.5*** 

12.2 

28 

1 !3.l 

1.16 

0.46 

18 

N.  laevissimus 

66.4 

5.6 

78 

77.8 

7y  Q*** 

6.1 

71 

90.1 

1.16 

0.52 

50 

N.  levis 

69.9 

4.6 

65 

85.5 

82.8*** 

6.9 

73 

98.3 

1.18 

0.47 

125 

N.  St e Hat  us 

68.4 

5.9 

27 

80.6 

80.4*** 

6.0 

14 

90.6 

1.18 

0.66 

36 

N.  vertebralis 

64.5 

6.8 

17 

74.2 

79.6*** 

9.1 

10 

90.0 

1.23 

0.63 

13 

N.  wheeleri 

76.3 

4.0 

17 

86.8 

90  0*** 

6.2 

18 

100.4 

1.18 

0.49 

25 

V.  milii 

77.1 

7.4 

175 

91.8 

80.3*** 

7.6 

153 

96.5 

1.04 

0.53 

136 

Examination  of  intraspecific  size  variation  was  made  by  comparing  the  3 subspecies  of 
N,  levis,  the  Kimberley  and  Northern  Territory  specimens  of  N.  asper  and  island  and 
mainland  specimens  of  U.  milii. 

Male  N.  1.  levis  SVL(mm)(71.8±  2.9  ( 1 7))  were  significantly  (t56  = 4.3  P <.00 1)  larger 
than  N.  1.  occidentaiis  {(y%.2  ± 3.7  (41))  but  not  significantly  larger  than  N.  /.  pilhara{14.9 
± 7. 1 (7));  males  of  the  latter  2 subspecies  did  not  differ  significantly.  Female  N.  I.  levis 
(85.7  ± 5.9  (19)),  N.  /.  pilbara  (82.8  ±7.5  (6)  and  N.  /.  oc'cidentalis{%\.l  ± 7.0  (48))  did  not 
differ  significantly  from  one  another. 
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Northern  Territory  males  and  females  of  N.  asper  had  SVL’s  of  86.9  ± 12.9  (I  I)  and 
106.4  ± 8.2  (10)  respectively,  compared  with  84.7  ± 8.1  (13)  and  91.9  ± 11.3  (18)  for 
Kimberley  males  and  females.  Kimberley  adult  females  are  significantly  (P  <.00 1) 
smaller  than  those  in  the  Northern  Territory,  but  males  did  not  differ  between  the 
regions. 

Mainland  U.  milii  males  (76.0  ± 7.4  ( 127))  are  significantly  (ti 73=  3.06  P <0.01)  smaller 
than  island  males  (79.9  ± 6.4  (48)).  Size  of  females  did  not  differ  significantly  between 
mainland  (80.0  ± 8.1  (100))  and  island  (81.0  ± 6.5  (53))  populations. 

The  adult  sex  ratio  was  close  to  parity  in  all  species  except  N.  stellatus  and  N. 
vertebralis  where  a greater  proportion  of  males  was  examined. 

Maturity  and  Reproductive  Activity 

Examination  of  the  reproductive  tracts  of  both  sexes,  as  described  in  Methods, 
allowed  a determination  of  the  size  at  onset  of  maturity  in  these  gecko  species.  These  data 
are  presented  in  Table  2. 

Nephrurus  males  become  reproductively  adult  at  between  82-89%  of  the  size  at  which 
females  are  first  observed  with  follicles  or  convoluted  oviducts.  In  U.  milii,  males  were 
about  92%  the  size  of  females  at  reproductive  maturity  (Table  2). 


Table  2:  Size  ot  gravid  and  adult  Nephrurus  and  Vnderwoodisaurus  and  the  maximum  and  mean 

clutch  volumes  and  sexual  dimorphism  at  maturity. 


asper  laevissimus 

Nephrurus 

levis  siellaius  vertebralis 

wheeleri 

U. 

milii 

FEMALES 

Largest  gravid  (SVL) 

1 13.I 

90.1 

95.8 

90.6 

90.0 

94.6 

96.5 

Smallest  gravid  (SVL) 

90.0 

70.8 

71.0 

84.0 

67.3 

82.3 

65.2 

Smallest  adult  (SVL) 

73.0 

64.9 

71.0 

70.5 

66.7 

80.5 

64.2 

Mean  gravid  size  (SVL) 

100.4 

78.1 

83.9 

87.2 

84.1 

88.9 

83.4 

Mean  gravid  size  SD  (n) 

8.5(8) 

6.5(8) 

6.6(32) 

3.3(3) 

9.5(5) 

4.7(7) 

9.5(18) 

Mean  clutch  volume  (mm-') 

4637 

2543 

3383 

361  1 

1540 

3547 

2154 

Mean  clutch  volume  SD  (n) 

2107(8) 

782(8) 

1499(33) 

1048(3) 

1000(5) 

1719(8) 

516(16) 

Max  clutch  volume  (mm') 

7234 

3902 

7423 

4766 

2838 

5597 

3245 

MALES 

Size  at  maturity  (SVL) 

65 

55 

62 

59 

55 

70 

59 

(5:$  mature  SVL  (%) 

89.0 

84.7 

87.3 

83.7 

82.5 

87.0 

91.9 

The  smallest  individual  recorded  and  the  month  of  capture  were  (S  VL;  mm):  N.  asper 
-42.0,  May;  N.  laevissimus-?^\.2,  March;  TV.  /^\7.y-33.0,  August;  N.  stellatus  AO. 2.  April; 
N.  vertebralis  -37.1,  March;  N.  wheeleri  - 37.5,  June  and  U.  milii  - 30.4,  June. 

The  annual  variation  in  mean  monthly  testicular  volume  of  adult  males  is  presented  in 
Figure  2 and  contrasted  with  the  reproductive  activity  of  adult  females  (Figure  1). 

In  most  Nephrurus  species  the  number  of  adult  males  collected  during  any  month  is 
low,  and  the  variation  in  mean  testicular  volume  high.  This  suggests  that  some  males  of 
all  species  may  be  reproductively  active  each  month  or  that  testis  volume  is  not  strongly 
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Figure  1:  Percentages  of  reproductively  active  Nephurus  spp.  and  V.  nnlii females  apportioned  according 
to  yolky  follicles  (cross  hatching),  eggs  (stippling)  or  both  (blocked).  Numbers  of  adults 
examined  for  each  month  is  given. 
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Figure  2: 
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correlated  with  reproductive  activity  — alternatives  that  can  only  be  resolved  by 
histological  examination.  Female  numbers  are  similarly  low  and  reproductive  activity 
was  recorded  in  nearly  every  month  where  sample  sizes  were  greater  than  one.  Females 
appear  to  breed  throughout  the  year,  and  some  females  in  each  species  possess  both  eggs 
and  yolky  follicles,  indicating  that  repetitive  clutching  can  occur.  Small  sample  sizes 
prevented  evaluation  of  reproductive  patterns  in  the  three  subspecies  of  N.  levis  and  the 
geographic  populations  of  N.  asper. 

Clutches  of  a single  egg  were  recorded  in  N.  asper  ( 1 ),  N.  levis  ( I ),  N.  stellaius  ( 1 ),  N. 
vertebralis  ( I)  and  V,  milii (2),  but  in  all  cases  a distended  contralateral  oviduct  suggested 
recent  laying  of  an  egg  from  that  side. 

Gonad  volumes  in  male  U.  milii  are  markedly  higher  during  winter  and  early  spring 
than  those  recorded  during  other  months  (Figure  2).  Testicular  volumes  are  generally 
greater  than  those  recorded  in  Nephrurus  spp.  Female  U.  milii  have  a distinct  breeding 
season,  with  eggs  generally  being  recorded  between  October  and  January.  There  is  a 
unique  instance  of  a gravid  female  in  June  (Figure  1).  Two  females  collected  in  October 
had  both  yolky  follicles  and  eggs,  suggesting  that  some  double  clutches  may  occur  in  this 
species.  We  were  unable  to  find  any  differences  in  the  reproductive  pattern  of  this  species 
in  island  and  mainland  populations. 

There  is  a significant  relationship  within  the  Nephrurus  genus  between  mean  size  of 
gravid  females  and  mean  clutch  volume.  Vol  (mm3)  = 107.30  SVL  - 6135.80  (r  = 0,76  P 
<0.05) 

Diet 

The  stomach  contents  of  six  species,  identified  to  ordinal  level,  are  presented  in  Table 
3.  These  data  may  underestimate  the  quantity  of  soft-bodied  invertebrates  in  the  diet 
which  are  digested  rapidly,  but  they  are  comparative  with  other  studies  of  stomach 
contents. 

Arthropods  formed  the  principal  dietary  items  of  all  species.  The  occurrence  of  lizards 
in  the  stomachs  of  A.  levis  and  U.  milii  suggests  that  both  of  these  larger  species  may 
occasionally  ingest  other  members  of  the  saurofauna.  The  euryphagous  habit  of  species 
is  exemplified  by  the  relatively  large  dietary  breadths  of  all  species  examined. 

Dietary  overlap  (Table  4)  is  almost  always  in  excess  of  0.700,  reaching  a maximum  of 
0.920  between  N,  levis  and  N.  laevissimus.  The  mean  overlap  within  the  genus 
Nephrurus  is  0.806  ± 0.085  (10)  while  between  U.  milii  and  the  5 Nephrurus  species  it  is 
0.705  ± 0.055  (5). 


Discussion 

The  sexual  size  dimorphism  in  Nephrurus  is  the  largest  recorded  in  the  family 
Gekkonidae.  Fitch  (1981)  documented  female  to  male  size  differences  of  between  84  and 
1 15%  in  the  43  species  of  geckos  he  surveyed.  In  Nephrurus  the  size  differences  range 
from  1 16%  to  123%  (Table  1).  Underwoodisaurus  milii  also  has  larger  females,  but  the 
size  dimorphism  is  within  the  range  for  the  family  described  by  Fitch  (1981). 
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Table  3:  Number  of  stomachs  in  which  different  prey  categories  occurred,  the  number  of  stomachs 
examined  and  the  dietary  breadth  of  Nephrurus  spp.  and  Underwoodisaurus. 


asper 

Nephrurus 

laevissimus  levis  stellatus  vertehralis 

wheeleri 

Underwoodisaurus 

milii 

Isopods 

5 

1 

1 

24 

Centipedes 

10 

25 

3 

1 

2 

12 

Scorpions 

10 

16 

4 

4 

2 

8 

Spiders 

15 

34 

4 

4 

8 

57 

Thysauura  1 

Formicoidea 

2 

5 

1 

1 

5 

Other  Hymenoptera 

7 

Orthoptera 

7 

18 

1 

6 

5 

19 

Blattodea 

1 1 

16 

5 

4 

I 

43 

Mantids/ Phasmids 

1 

Curculionoidea 

5 

1 

1 

13 

Other  Coleoptera 

12 

18 

3 

1 

28 

Isoptera 

2 

2 

2 

Dermaptera 

6 

20 

Diptera 

1 

2 

Lepidoptera 

1 

5 

Odonata 

2 

Eggs 

3 

5 

2 

13 

Larvae.  Pupae 

4 

2 

2 

1 

55 

Winged  insects 

6 

2 

1 

3 

Unidentified  insects 

2 

2 

1 

1 

36 

Lizards  and  Sloughs 

4 

1 

Plant  material 

1 

2 

6 

Bone 

1 

1 

Sand 

6 

20 

2 

2 

5 

Unidentified  material 

5 

2 

4 

3 

I 

Nematodes 

20 

19 

3 

3 

14 

Stomachs  with  food 

59 

95 

16 

21 

18 

192 

Stomachs  examined 

105 

265 

83 

40 

63 

594 

Dietary  Breadth 

0.590 

0.519 

0.816 

0.693 

0.514 

0.537 

Table  4:  Dietary  niche  overlap  in  five  Nephrurus  species  and  Underwoodisaurus  milii  based  on  numerical 


frequency  of 

occurrence. 

laevissimus 

levis 

stellatus 

vertehralis 

wheeleri  V.  milii 

laevissimus 

1 

levis 

0.920 

1 

siellatus 

0.910 

0.873 

1 

vertehralis 

0.779 

0.768 

0.699 

1 

wheeleri 

0.780 

0.864 

0.668 

0.800 

1 

U.  milii 

0.758 

0.723 

0.733 

0.614 

0.696  1 
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Correlations  of  larger  female  size  in  reptiles  with  both  viviparous  reproduction  and 
large  mean  number  of  offspring  each  reproduction  as  noted  by  Fitch  (1981)  do  not  apply 
to  geckos  (How,  Dell  & Wellington  1986).  However,  positive  correlates  with  both 
occupancy  of  temperate  regions  and  small  body  size  were  also  noted  by  Fitch  (1981)  and 
these  can  be  assessed  from  the  present  data.  There  is  no  indication  within  the  genus 
Nephrurus  that  species  in  more  temperate  areas  {stellatus)  show  any  greater  size 
dimorphism  than  those  in  tropical  {asper)  or  arid  (ver(ebralis)  areas.  The  smallest 
species,  N.  vertebralis,  had  the  greatest  size  dimorphism,  but  another  small  species,  N. 
laevissimus,  showed  the  least. 

Male  Nephrurus  are  reprod actively  adult  at  between  82-89%  of  the  size  of  females  at 
the  same  stage  and  mean  size  of  all  adult  males  is  between  81-86%  of  mean  adult  female 
size.  There  is  no  data  on  growth  rates  in  Nephrurus,  so  it  is  not  possible  to  determine  if 
males  reach  maturity  at  the  same  age  as  females  but  have  a slower  growth  or  whether 
maturity  is  reached  at  an  earlier  age.  However,  since  both  mean  adult  size  and  size  at 
maturity  is  less  in  males  it  is  possible  that  growth  rates  are  slower  in  this  sex.  In  Oedura 
reticulata  in  southwestern  Australia  males  and  females  have  similar  growth  rates,  but 
males  mature  a year  earlier  i.e.  at  a smaller  body  size  (How  & Kitchener  1983).  The 
findings  of  Dunham  ( 1 978)  on  the  correlation  between  food  abundance  and  growth  rates 
should  limit  speculation  on  these  parameters  for  geckos  living  in  highly  variable 
environments. 

Our  finding  of  male  maturity  in  Nephrurus  occurring  at  between  82-89%  of  female 
size  (Table  2)  is  in  agreement  with  the  generalisations  of  Stamps  (1983)  of  between 
83-92%  for  geckos.  It  differs,  however,  from  our  earlier  studies  on  members  of  the 
Strophurus  group  of  geckos  (How,  Dell  & Wellington  1986)  where  male  maturity 
occurred  between  94-100%  of  female  size. 

Fewer  Nephrurus  individuals  have  been  collected  during  winter  months  and  sample 
sizes  during  this  season  were  invariably  low.  It  is  probable  that  this  reflects  a real  decrease 
in  activity  during  these  months  since  nocturnal  temperatures  in  arid  environments  of 
central  Australia  often  approach  and  or  drop  below  freezing.  Pianka  and  Pianka  (1976) 
showed  marked  seasonal  changes  in  activity  patterns  of  twelve  species  of  geckos 
occupying  the  arid  zone.  In  a study  of  Oedura  and  Gehyra  in  semi-arid  Western 
Australia,  Kitchener,  How  & Dell  (1988)  showed  a decrease  in  activity  below  16-18^  C 
with  a virtual  cessation  of  activity  below  12“  C.  Our  data  also  indicate  decreased  activity 
amongst  Nephrurus  in  summer  and  autumn,  however,  this  probably  reflects  decreased 
collecting  activity  during  these  very  hot  months.  Specimens  of  U.  milii  show  a bimodal 
peak  in  abundance  (Figure  1 & 2)  for  both  spring  and  autumn  periods  in  both  sexes. 

The  recent  review  of  reproductive  ecology  of  Australian  reptiles  by  Heatwole  & 
Taylor  (1987)  has  documented  eleven  basic  types  of  cycles. 

The  reproductive  pattern  of  female  U.  milii  is  that  of  spring  vitellogenesis  with 
ovulation  and  oviposition  during  late  spring  and  early  summer.  This  pattern  has  been 
characterised  for  several  temperature  zone  south-western  geckos  (How  & Kitchener 
1983,  How,  Dell  & Wellington  1986,  How,  Dell  & Gordon  1987)  where  species 
occupying  winter-rainfall  areas  produce  clutches  in  spring  and  summer  with  hatchlings 
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first  appearing  in  early  autumn.  Male  U.  m//// have  greatest  testicular  volumes  in  winter 
and  early  spring  (Figure  2),  around  3-4  months  earlier  than  the  onset  of  vitellogenesis.  If 
spermatogenesis  is  associated  with  maximum  gonad  volume  and  mating  occurs  at  the 
time  of  maximum  gonadal  activity,  then  sperm  storage  must  occur  in  this  species  for 
fertilisation  to  occur.  This  pattern  would  suggest  that  U.  milii  has  a reproductive  cycle  of 
the  Type  IX  of  Heatwole  & Taylor  (1987),  and  contrasts  to  the  Type  1 and  II  pattern 
recorded  for  other  geckos  (Bustard  1968,  King  1977,  How,  Dell  & Gordon  1987, 
Kitchener,  How  & Dell  1988). 

Reproductive  patterns  in  Nephrurus  suggest  that  activity  may  occur  throughout  the 
year.  This  is  not  uncharacteristic  of  arid  zone  species  where  environmental  conditions 
may  be  favourable  for  short  periods  after  rain  at  almost  any  time  of  the  year.  However, 
the  greatest  activity  still  occurs  in  the  warm-hot  months  of  spring  and  summer. 
Nephrurus  asper,  with  its  distribution  focussed  on  the  wet-dry  tropics,  shows  that 
reproductive  activity  extends  over  at  least  nine  months  — spanning  the  October-April 
wet  period  — a pattern  consistent  with  Type  VIII  of  Heatwole  and  Taylor  (1987).  The 
small  number  of  individuals  collected  during  the  cooler  winter  months  prevents  an 
accurate  classification  of  reproductive  pattern  in  the  remaining  Nephrurus  species. 

In  all  species  some  individuals  had  both  oviducal  eggs  and  developing  yolky  ovarian 
follicles,  indicative  that  repetitive  clutches  are  produced.  This  condition  has  also  been 
recorded  in  several  Strophurus  species  (How\  Dell  & Wellington  1986),  Gehyra 
var/>g^//^/( Kitchener,  How&  Dell  1988)  and  Phyllodactylus  marmoraius(\\o'^.  Dell  & 
Gordon  1987)  in  Western  Australia  and  could  be  a widespread  phenomenon  in 
Australian  geckos. 

Previous  studies  have  documented  clutch  volumes  (mmT  for  N.  laevissimus  (2160: 
Pianka  & Pianka,  1976),  N.  levis  (3260:  Pianka  & Pianka  1976)  and  N.  deleani  (4077: 
Delean  & Harvey,  1984,  Harvey  1983).  Our  data  confirm  that  Nephrurus  have  large 
clutch  volumes  and  that  larger  species  have  larger  volumes.  A similar  relationship  was 
recorded  in  Strophurus  (How,  Dell  & Wellington  1986). 

The  diet  of  N.  laevissimus,  N.  levis  and  N.  vertebralis  has  been  documented  previously 
from  an  analysis  of  stomach  contents.  These  species  eat  large  numbers  of  arthropods, 
especially  spiders,  beetles  and  locusts,  with  occasional  lizards  and  sloughed  skins 
recorded  in  M laevissimus  and  N.  vertebralis  stomachs  (Pianka  & Pianka  1976).  The 
gecko  Rynchoedura  ornata  was  eaten  by  all  three  Nephrurus  species  and  N.  vertebralis 
also  ate  the  gecko  Diplodactylus  conspicillatus.  Their  study  also  showed  a low  dietary 
niche  overlap  between  N.  vertebralis  and  N.  laevissimus  (0.42)  and  N.  levis  (0.53),  but  a 
relatively  high  overlap  between  N.  laevissimus  and  N.  levis  (0.82).  Our  comparative 
figures  for  these  species  pairs  are  0.78,  0.77  and  0.92  respectively  (Table  4),  and  also 
indicate  a higher  dietary  overlap  between  the  latter  pair.  Diets  determined  by  Pianka  and 
Pianka  (1976)  were  from  individuals  collected  at  the  same  sites  at  similar  times.  It  is 
interesting  to  note  that  Museum  specimens,  collected  from  many  different  sites  over 
many  years,  show  similar  dietary  patterns  and  overlaps.  Because  both  N.  levis  (a 
sandplain  specialist)  and  N.  laevissimus  (a  sand  dune  specialist)  prefer  sandy  habitats  it  is 
probable  that  the  arthropod  fauna  of  these  substrates  is  more  similar  than  that  of  the 
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harder  loamy  soils  frequented  by  N.  vertehralis.  High  overlap  also  occurs  between  N. 
stellatus  and  the  other  two  Nephrurus  that  prefer  sandy  soils. 
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Domestic  gas  cooking  appliances  in 
metropolitan  Perth,  1900  - 1950 

Ann  Delroy* 

Abstract 

Museum  historians  are  constantly  confronted  with  a lack  of  primary  research  on  types  of 
artefacts  when  determining  collection  policies  and  on  the  artefacts  in  their  social  context  when 
mounting  exhibitions.  Although  collections  of  domestic  artefacts  abound  in  museums  across 
Australia  little  is  known  about  the  changes  in  design  and  technology,  and  even  less  is  known 
about  the  impact  that  new  technologies  had  on  the  lives  of  women  working  in  the  home. 

This  is  a typological  study  of  gas  stoves  used  in  metropolitan  Perth  between  1 900  and  1950. 

It  examines  the  stoves  which  were  imported  and  manufactured  locally,  and  the  changes  in 
design  and  technology.  It  also  assesses  the  popularity  of  the  various  models  available. 

The  study  serves  tw'o  purposes.  It  allows  museums  to  determine  a precise  collecting  policy. 

More  importantly,  it  provides  the  essential  ground  work  fora  broader  study  of  the  artefact.  To 
fully  understand  changes  in  domestic  technology  it  is  necessary  to  study  each  of  the  different 
types  of  household  technology  in  detail.  This  involves  studying  the  history  of  the  companies 
that  manufactured  appliances,  the  history  of  utility  systems  that  provided  fuel  and  water,  and 
the  history  of  price  and  income  fluctuations.' 

Introduction 

Although  experiments  to  design  a cooking  stove  fuelled  by  gas  had  begun  in  the  early 
nineteenth  century  in  Britain  and  the  United  States,  it  was  not  until  the  1880s  that  gas 
stoves  began  to  be  accepted  as  an  appliance  for  cooking  food.^  There  was  a widespread 
fear  that  gas  would  taint  the  food,  that  it  would  not  cook  as  well  as  the  tried  and  trusted 
wood  and  coal  burning  stoves,  and  that  gas  stoves  might  explode.  Caroline  Davidson 
cites  an  example  of  a late  nineteenth  century  working  class  housewife  in  England  who 
was  reluctant  to  give  up  using  her  new  gas  stove,  despite  her  husband’s  refusal  to  eat  any 
food  cooked  in  it  for  fear  of  being  poisoned.  To  overcome  her  dilemma  she  continued  to 
cook  with  the  gas  stove  but  transferred  the  food  to  an  open  fire  just  prior  to  him 
returning  home  from  work.  This  ritual  continued  until  the  day  he  died.^  Gradually  these 
fears  and  reservations  were  allayed,  a reduction  in  costs  was  demonstrated,  and  by  the 
1880s  cooking  with  gas  became  a viable  alternative  to  the  solid  fuel  stove.  The 
introduction  of  penny-in-the-slot  meters,  a pay-as-you-use  system,  in  the  late  1880s  in 
Britain  made  gas  cooking  an  option  for ‘modest  homes’  unable  to  pay  quarterly  bills.  At 
the  turn  of  the  century  a hire  stove  system  gained  popularity  in  Britain,  enabling  people 
unable  to  purchase  their  own  stoves  to  take  advantage  of  this  new  fuel.** 

The  introduction  of  the  gas  stove  offered  a major  relief  to  the  housewife  from  some  of 
the  hard  physical  work  in  the  home.  Previously,  the  most  essential  of  tasks  — lighting 
and  maintaining  the  kitchen  fire  — involved  chopping  and  fetching  wood,  cleaning  out 
the  ashes  and  constant  attention  to  keep  the  fire  burning  at  the  desired  temperature.  The 
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Stove  was  not  used  for  cooking  but  for  heating  kitchen,  laundry  and  bath  water  and  for 
warming  flat  irons  on  ironing  day.  The  bare,  cast  iron  stoves  were  difficult  to  clean  and 
required  regular  polishing  to  prevent  rust  and  to  attain  the  desired  sheen.  As  well  the  soot 
and  dust  from  solid  fuel  stoves  added  to  the  task  of  dusting  and  cleaning  in  the  home. 

Changing  designs  of  stoves,  grillers  and  boiling  rings 

At  the  turn  of  the  century  gas  stoves  were  box-like  with  burners  on  top,  an  oven  below 
and  a griller  beneath  the  burners  (Figure  I).  They  were  constructed  of  black  cast-iron 
and  were  almost  as  difficult  to  clean  as  the  cast-iron  wood-burning  stoves.  Routine 
cleaning  required  polishing  with  black  lead  but  major  cleaning  required  dismantling  and 
immersion  in  a bath  of  boiling  caustic  to  remove  the  build-up  of  grease  and  grime.  The 
ovens  at  this  time  were  mostly  lined  with  enamelled  panels  and  this  offered  the  only  relief 
in  cleaning.  However,  the  chief  function  of  the  enamelled  panels  was  to  hold  in  the 
insulation  fibre  and  not  to  ease  the  task  of  the  housewife. 


Figure  1 ‘No.  844\  c\  1910s.  Manufactured  by  John  Wright  and  Company,  England.  Bare,  black 
cast-iron  exterior. 

It  was  not  until  after  the  First  World  War  that  the  first  changes  in  the  appearance  of 
the  gas  stove  were  seen.  The  stoves  were  raised  off  the  ground  on  legs  and,  at  about  the 
same  time,  parts  of  the  exterior  were  enamelled.  Initially  only  iron  panels  on  the  door,  or 
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on  the  door  and  sides,  were  enamelled  (Figure  2)  but,  by  the  1930s,  it  became  possible  to 
enamel  the  entire  cast-iron  stove. ^ The  popularity  of  enamelling  reached  a peak  in  the 
1930s  and  1940s  when  colour  co-ordinated  kitchens  with  matching  stove  were 
fashionable.^ 


Figure  2 The  ‘Liverpool',  1920s.  Manufactured  by  the  Parkinson  Stove  Company  (Australasia), 
Melbourne.  The  first  enamelling  of  gas  stoves  was  on  panels  inset  on  the  oven  door.  This  stove 
is  also  enamelled  on  the  cast-iron. 

In  the  1920s  splash  backs  and  plate  racks  were  offered  as  optional  extras.  (Figure  3) 
The  splash  back  was  enamelled  for  easy  cleaning.  By  the  mid-1930s  split-level  stoves 
were  available  with  the  oven  situated  at  eye  level  on  either  the  right  or  left  hand  side  of  the 
hotplate  burners.  (Figure  4)  These  stoves  represented  the  ultimate  in  gas  cooking  at  the 
time.  By  the  1940s  it  was  possible  to  have  a large  enamelled  saucepan  cupboard  below 
the  oven  and  hotplate.  This  was  in  keeping  with  the  clean  lines  required  for  the  most 
modern,  streamlined  kitchen.  After  the  Second  World  War  designs  allowing  the  stove  to 
fit  flush  with  cupboards,  and  all-white  enamelling  indicated  the  beginnings  of  the  clinical 
look.  The  legs  disappeared,  enhancing  the  clean  lines. 

Throughout  the  period  1900-50  gas  stoves  were  constructed  of  black  cast-iron.  In 
Britain  mass  production  of  pressed  steel  stoves  began  in  about  1937  but  it  was  not  until 
the  1950s  that  they  became  popular  in  Australia."^ 
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Technologically  the  stoves  changed  very  slowly.  The  first  British  models  had  no 
automatic  temperature  control  or  insulation  in  the  ovens.  The  heat  of  the  oven  had  to  be 
judged  by  repeated  inspection  until  the  thermostat,  which  did  this  automatically,  was 
introduced  in  1923  in  Britain.^  The  British-model  stoves  with  thermostats,  Wright’s‘New 
World’,  were  available  in  Australia  after  1923.  There  was  little  financial  incentive  for 
manufacturers  in  Australia  to  spend  time  and  money  improving  the  technology,  as  gas 
stoves  had  no  serious  competitors  until  the  1930s  and  1940s. 

At  the  turn  of  the  century,  when  gas  stoves  were  first  used  in  Perth,  they  usually 
contained  some  insulation.  Initially  it  was  put  in  the  doors  and  later  extended  to  the 
sides,  back  and  top  of  the  oven.  The  insulation  material  was  slag  wool  and  it  was  packed 
between  the  cast-iron  and  an  enamel  retaining  sheet.  However,  constant  slamming  of  the 
oven  door  caused  the  wool  to  bed  down,  requiring  repacking,  although  by  the  1930s 
improved  methods  of  packing  had  remedied  this  defect.'^  Insulation  of  the  oven  door 
improved  the  heat-retention  of  the  oven  to  some  extent.  More  importantly,  it  reduced 
the  temperature  on  the  outside  of  the  oven  door  making  it  less  hazardous  to  work  with 
and  reducing  the  risk  of  burns  to  children.  As  the  insulated  area  increased  so  too  did  gas 
efficiency.  In  addition  the  kitchen  became  cooler  and  a more  pleasant  work  area.  As  well 
cleaning  inside  the  oven  was  made  easier  by  the  smooth  enamelled  surfaces  which 
replaced  the  rough  cast  iron. 

Before  the  introduction  of  the  thermostat,  gas  ovens  had  two  burners,  one  on  either 
side  at  the  bottom,  and  a flue  at  the  top  of  the  back  panel.  Hot  air  passed  directly  from 
the  heat  source  to  the  flue.  Some  early  models  had  a damper  in  the  flue,  copying  the 
principle  of  the  solid  fuel  stove  where  it  reduced  the  rate  at  which  the  fuel  burned. 
However,  this  was  redundant  in  a gas  stove  where  the  flame  rate  was  controlled  by  a tap. 
Before  the  First  World  War  a baffle  was  used  in  the  oven  to  improve  gas  efficiency.  This 
was  a sheet  of  metal  across  all  but  a small  opening  near  the  top  of  the  oven,  which 
impeded  the  flow  of  hot  air  to  the  flue.  ( Figure  5)  But  the  first  improvement  in  lagging  the 
oven  was  the  transfer  of  the  flue  from  the  top  of  the  oven  to  the  bottom,  which  caused  the 
air  to  circulate  around  the  oven.'*^ 

The  introduction  of  the  oven  thermostat  was  among  the  first  major  improvements  in 
gas  stove  technology.  The  use  of  thermostatically  controlled  ovens  was  well-established 
in  the  United  States  by  the  mid-1930s  and  was  rapidly  gaining  popularity  in  Britain  and 
Australia.'*  However,  it  was  not  without  problems  on  some  models.  When  the  desired 
temperature  was  reached  the  thermostat  lowered  the  flow  of  gas,  but  the  reduced  flow 
was  often  not  enough  to  keep  two  burners  alight.  A draught  from  opening  the  oven  door 
was  sufficient  to  extinguish  the  flame.  It  was  then  possible  for  a lighted  hot  plate  burner 
to  flash  back,  igniting  the  built-up  gas  in  the  oven,  resulting  in  an  explosion.  The  oven 
door  was  usually  blown  off  and  caused  serious  injury  to  anyone  in  its  path.'^  A single 
oven  burner  soon  replaced  the  double  burner,  ensuring  a sufficient  flow  of  gas  to  keep  it 
alight. 

The  first  moves  towards  efficient  cooking  and  healing  by  gas  had  come  with  the 
adoption  of  the  bunsen  flame  in  the  1850s.‘^  A hole  in  the  gas  tube  drew  air  in  and  the 
correct  mixture  of  air  and  gas  produced  a clean,  hot,  blue  flame.  However,  the  bunsen 
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METTERS*  LATEST  ACHIEVEMENT 
IN  GAS  OVEN  CONSTRUCTION 


PATENTED  No.  ll348/2«. 


Insulated  top  to  Oven. 


Heat  retaining  Baffle  Plates, 
cast  integral  with  Oven  Top 
Heat  Deflector  Plate. 


Heavily  insulated  sides,  back 
and  front  of  Oven.  Note  the 
thickness  of  insulation  which 
is  packed  solid  and  will  not 
bed  dovm. 

Oven  Burners  designed  for 
maximum  efficiency. 


Our  "Retained  Heat”  Paten- 
ted Gas  Oven  embodies  an 
entirely  new  principle  in  its 
operation,  and  is  different 
from  all  other  ovens  fitted 
to  gas  stoves.  There  is  no 
backing  up  of  the  products 
of  combustion,  the  fumes 
travelling  their  natural  course, 
ascending  all  the  time. 


Stove  cut  away  to  show  construction  of 
Retained  Heal  Oven. 


They  are  given  a longer  dist,ince  to  travel,  and  pass  between  baffle  plates, 
which  absorb  the  heat  that  would  otherwise  go  up  the  flue  pipe,  and  transfers  it  to 
the  oven  top,  which  acts  as  a deflector  plate  and  radiates  the  heat  back  into  the 
oven.  As  well  as  the  aliove  process  taking  place,  the  heated  air  is  retarded  in  its 
progress  through  the  oven;  therefore,  doing  its  full  amount  of  work  before  reaching 
the  outlet. 


METTERS’  RETAINED  HEAT  OVEN,  in  conjunction  with  their 
^ready  famous  ’ EFFICIENCY”  BOILING  BURNERS,  make  a 
most  economical  Gas  Stove,  reducing  gas  consumption  to  the 
absolute  minimum. 


Figure  5 Metiers’  gas  stove  showing  position  of  baffle  plate  and  insulation  in  the  oven.  1935.  (Source: 
Metiers’  Gas  Stove  Catalogue,  1935). 
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flame  was  not  without  its  problems.  The  flame  had  an  inner  and  outer  cone  and 
interference  with  the  inner  cone  from  a solid  object  resulted  in  incomplete  combustion. 
For  most  efficient  heating  the  outer  cone  had  to  touch  the  object  being  heated  but  the 
object  could  not  interfere  with  the  inner  cone.'**  This  caused  problems  with  the  two  types 
of  early  hotplate  burners.  The  earlier  type  consisted  of  a circular  pipe  or  ring  which  was 
drilled  vertically.  It  was  efficient  when  burning  with  a large  flame,  but  a small  flame  failed 
to  reach  the  bottom  of  the  vessel.  To  lower  the  vessel  resulted  in  interference  with  the 
inner  cone  when  the  gas  was  turned  on  full.  To  overcome  this  problem  the  ‘Continental’ 
burner  was  introduced  with  holes  drilled  horizontally,  allowing  the  vessel  to  sit  much 
closer  to  the  burner  head.  At  high  gas  rates,  however,  the  flame  spread  beyond  the  sides 
of  the  vessel.  By  the  I930s-40s  the  most  common  type  of  hotplate  burner  was  a 
combination  of  these  two  models.  Holes  were  drilled  at  an  angle  in  a ring  or  star-shaped 
burner.  Alternatively  the  spreader  burner  was  used,  which  was  designed  with  slots  in  the 
side  of  a cap  which  fitted  on  to  the  burner  head.'^ 

Throughout  the  period  1900-50,  problems  were  experienced  with  the  flame  at  the  tip 
of  the  burner  flashing  back  to  the  point  of  gas  injection.  In  a bunsen  flame,  the  gas-air 
mixture  rises  at  a speed  controlled  by  the  tap  and  the  flame  travels  downwards.  To  keep 
the  flame  at  the  bunsen  port,  these  two  speeds  had  to  be  balanced.  If  the  gas-air  speed 
was  too  high  the  flame  lifted  and  if  too  low  the  flame  flashed  back.  The  optimum  level 
was  difficult  to  achieve  and  depended  on  the  shape  of  the  burner  tube,  the  size,  shape  and 
position  of  the  air  inlet  ports,  the  roughness  of  casting,  and  the  number,  size  and  shape  of 
the  holes  at  which  combustion  took  place. During  the  1940s  the  Australian  Gas  Light 
Company  in  Sydney  designed  an  anti-flashback  burner.'^ 

The  design  of  the  hotplate  bars  improved  only  marginally  in  the  first  half  of  the 
twentieth  century.  The  early  form  of  straight  bars  w-as  placed  directly  over  the  flame  but 
this  caused  a loss  of  heat  to  the  bars  instead  of  the  vessel.  (Figure  6) 


Bottom  of  vessel 


'm/MM 


Figure  7 Profile  of  studded  bar. 


Heat  from  the  vessel  was  also  lost  by  conduction  to  the  bars.  To  reduce  the  surface 
area  of  the  vessel  in  contact  with  the  bars,  the  latter  were  designed  with  squared  studding. 
(Figure  7)  The  biggest  problem,  however,  was  the  constant  heating  and  cooling  of  the 
bars  from  flame  contact.  This  resulted  in  weak  points  and  eventually  breakages. 
Repairing  bars  was  a constant  job  for  the  Perth  City  Council  Electricity  and  Gas 
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Hole,  These  Grilkrs  am  now  be  obtaitted  In  Cohmred  Mottled  Enamel  Flni»h«». 


% 


‘Actually  smaU  **  St**ve  **  eot* 
bodying  in  its  construction  ail  the 
features  of  a full-sized  Gas  Stove, 
suitable  for  Flats,  or  as  an  adjunct 
to  coal  stove  Oven  suitable  for 
roasting  or  KaKmg,  as  well  as 
gniling,  having  two  inside  Bottom 
Burners,  one  Grilling  Burner,  and 
one  Boiling  Burner,  all  separately 
controlled. 


Stus: 

Length.  Depth.  Height 
Inside  Oven  lZ%m.  lO^in. 

Overall  . . 25  m,  UHin.  14J4in. 
Casing  Extra. 


Illustrating  Mottled  Enamel  Finish. 

The  “Pigmy”  can  be  fitted  on  atand  24  in*,  high  with  cabriole  leg*. 


Hin.  wide,  10  in.  deep.  9 in.  high. 
Bitted  with  Revolving  Burner, 
either  to  Grill  or  Boil. 

Casing  F.xtra. 


Extended  Lifting  Biot*pIate,  Side 
Boiling  Burner  with  separate  Tap. 
Deflectors  removable-  Hinged  Door. 
The  Grill  Deflectors  may  he  raised 
or  lowered  for  Grilling  or  Boiling 
as  required. 

Width.  Height.  Depth. 

22K  in.  8^  in.  11  in. 

Casing  F.xtra. 


Figure  8 Metiers’  grillers,  1935  (Source:  Metiers’  Gas  Stove  Catalogue,  1935. 
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Note.-~rhe»e  Gas  Burners  can  now  be  obtained  in  Coloured  Mottled  Enamel  Finishes. 


No.  0O~-GAS  BURNER. 

S !».  .i  in.  'Ai«le,  .»  nn  high. 


No.  S. — GAS  RING. — 11  tti,  Inrig,  6 in. 
wiiie  ? irn  high. 

No.  8. — GAS  RING. — I!  in.  l«ing.  650. 
wnjc.  din.  Iiigh.  with  two  cirdes  ol 
Gas  Jets. 


GAS  RING. 

8 in.  Diameter,  8 in.  Stem. 

No.  .Ill,  with  Plain  Stem,  no  Brass 
Nipple. 

No.  35,  as  illustrated,  with  Brass 
Nipple. 


No.  42.-HIGH  POWER  BURNER. 

Drip  Prool.  Ifi  itn  long.  5*iin  wule, 
33’^  in.  high. 


No.  238.~GAS  burner.— .Suitable  f-»r 
htthig  in  Kegi-'ter  Grate,  for  use  with 
.-Vshestus  Ball  Fuel,  10  in.  long.  2^  \u. 
high,  m in.  deep. 

Extras: — Asbestos  Ball  Fuel. 

Sec  Price  List. 


THE 

* AUSTRAL*’  BOILING  RING. 

f.ength 

iliameter 

Ov-erai! 

u(  Ring 

-No. 

m. 

in. 

1 

6x8 

5 

Z 

bj;  X 9 

S’d 

Z 

7 X 10 

6 

No.  40.  DOUBLE  CONCENTRIC 
BURNER. 

Kitte«i  with  two  Jet  (ocks  on  tjhn  Pipe. 

Oserall  Si/e !9  in.  x IP4  m. 

Outside  Ring  ..  . ..  10  in.  diameter, 

fnsiile  Ring  , Sin.  diameter. 


THE  “ROMA*  HIGH  EFFICIENCY 
GAS  BURNER, 
f.ength,  11  ins.;  Width,  7i  ins. 


Figure  9 Metiers’  boiling  rings,  1935  (Source:  Metiers'  Gas  Stove  Catalogue.  1935. 
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Department  (PCC  E&G  Department).*^  The  design  of  a semi-solid  cast-iron  hotplate 
bar,  cut  away  to  avoid  flame  contact,  was  an  attempt  to  overcome  these  problems. 
Nonetheless,  the  bars  remained  cumbersome  and  difficult  to  clean  throughout  the 
period,  although  by  the  1930s  enamelling  provided  some  improvement.  It  was  not  until 
after  the  Second  World  War  that  enamelled  drip  trays  were  placed  directly  below  the 
hotplate  bars  and  burners,  making  cleaning  easier. 

The  griller,  below  the  hotplate,  remained  unchanged  with  a deflector  plate  constructed 
of  cast-iron  frets  and  a rotating  burner.  The  latter  provided  an  additional  flame  on  top  of 
the  stove  which  was  useful  for  simmering  large  pots  of  soup  or  jam. 

Small  griller  stoves  and  boiling  rings  were  used,  often  in  conjunction  with  a solid  fuel 
stove,  by  people  unable  to  afford  a larger  stove  or  by  people  living  alone  who  did  not 
require  a large  cooking  appliance.  A small  gas  appliance  was  also  convenient  for  boiling 
a kettle  or  cooking  breakfast  and  in  very  hot  weather  it  provided  an  alternative  to 
lighting  a wood  stove. 

The  most  versatile  of  the  grillers  were  miniature  stoves.  (Figure  8)  They  had  a small 
oven  suitable  for  roasting  and  a griller  burner,  and  were  capable  of  accommodating  up 
to  five  small  saucepans,  all  in  the  space  of  about  35  x 10  x 26cm.  On  cheaper  models  the 
griller  burner  rotated  to  boil  saucepans  on  the  hotplate,  to  grill  and  to  heat  the  tiny  oven. 
The  simplest  griller  had  no  oven.  Grillers  changed  very  little  in  design,  their  ovens  having 
no  thermostats  and  remaining  uninsulated.  By  the  1930s  they  were  available  in  enamel 
finishes  but  production  of  the  cheaper,  bare,  cast-iron  models  continued. 

Gas  boiling-rings  were  a single-ring  burner  capable  of  heating  one  saucepan  at  a time. 
They  were  manufactured  in  slightly  varying  forms  but  they  changed  little  over  time, 
except  for  improvements  in  the  hotplate  burner  design.  ( Figure  9)  1 n the  1 930s  they  were 
available  in  enamelled  finishes  as  well  as  in  black  cast-iron. 

I n the  fifty  year  period,  1 900-50,  gas  stove  design  changed  very  slowly  when  compared 
with  the  rapid  changes  made  in  the  post-war  period.  After  the  war  all-white  enamelled, 
streamlined,  pressed-steel  stoves  were  common.  Modifications  were  primarily  a 
consequence  of  changing  fashions  in  kitchen  design,  although  there  were  some 
technological  improvements.  But  it  was  not  until  the  1930s  and  1940s,  when  the  threat  of 
competition  from  electricity  for  the  cooking  market  galvanized  the  manufacturers  into 
action,  that  stove  design  was  considered  seriously.  It  was  a reaction  similar  to,  and  no 
doubt  influenced  by,  that  in  the  United  States  in  the  1930s.  There,  intense  rivalry  between 
the  gas  and  electrical  industries  for  technological  and  design  innovation  produced  stoves 
by  1940  very  different  from  those  in  the  !920s.  By  1940  pressed  metal  had  replaced 
cast-iron  and  eye-level  ovens  with  storage  cabinets  replacing  the  legs,  produced  the 
popular  streamlined  image.  In  addition  the  adoption  of  automatic  oven  and  top  lighting, 
time  control,  and  gadgets  such  as  clocks  and  oven  lights  resulted  in  technological 
differences.-'  However,  electricity  was  not  a serious  competitor  in  Australia  until  after 
1950,  which  probably  accounts  for  the  lag  in  technological  and  design  improvements  of 
Australian  gas  stoves. 
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The  Manufacturers  and  their  Models 

Until  1920  most  gas  stoves  in  the  Perth  and  Fremantle  districts  were  imported  from 
England.  Two  companies  supplied  most  of  the  local  market:  John  Wright  and  Company 
in  Birmingham,  and  the  Cannon  Iron  Foundry  at  Bilston  in  the  West  Midlands.  The 
PCC  E&G  Department  imported  from  John  Wright  and  Company  and  held  the  local 
franchise  until  the  1930s  when  it  was  taken  over  by  Ray  J.  Sharpe,  a Hay  Street  retailer.^^* 
The  Fremantle  Gas  and  Coke  Company's  (FGCC)  early  imports  were  from  the  Cannon 
Iron  Foundry.  (See  Appendix  1). 

The  most  popular  model  imported  from  Cannon  was  the  Trusty'  but  other  models 
included  the  ‘Country'  and  ‘Chef.  They  were  black  cast-iron,  similar  in  appearance  to 
that  illustrated  in  Figure  1 . Model  differences  were  probably  in  oven  size  and  the  number 
of  hotplate  burners.  John  Wright  and  Company  models  included  the  ‘Conway  Castle', 
‘Balmoral  Castle',  ‘Windsor  Castle',  ‘566’  and  ‘844’,  and  were  similar  in  design  to  the 
Cannon  stoves  of  this  period. Gas  boiling-rings  and  grillers  were  imported  from  both 
these  manufacturers. 

After  1920  the  FGCC  rarely  imported  stoves  from  England  following  an  increase  in 
tariffs  from  20%  to  35%  which  made  them  prohibitively  expensive.-^  Most  of  the 
FGCC’s  new  stock  came  from  an  Australian  manufacturer,  A.  Simpson  and  Son  in 
Adelaide,  and  included  the  ‘A.M.S.’,  ‘Modern’  and  ‘Special’.  (Appendix  I)  In  1920,  a 
Simpson  stove  cost  £6  1 2s  Od.  which  was  only  slightly  more  than  the  1 9 1 7 English  stove 
price.  (See  Figure  10)  It  was  not  until  the  later  1920s  that  the  FGCC  began  supporting 
Metters,  the  only  local  firm  manufacturing  gas  stoves. 

Fred  Metters  began  his  stove-making  business  in  Adelaide  in  1891  He  was  not  new 
to  the  trade,  having  continued  his  father’s  stove-making  business  in  partnership  with  his 
two  brothers  in  Melbourne  in  the  1 880s.  The  business  being  too  small  for  three  partners, 
Fred  moved  to  Adelaide.  The  first  years  were  not  easy  and  he  w'as  constantly  in  debt.  In 
1 894,  recognizing  the  growth  of  Perth  as  a result  of  the  goldrushes,  Fred  opened  a Perth 
office.  For  the  first  two  years  stoves  were  shipped  from  Adelaide  but  by  1896 
manufacturing  had  commenced  in  West  Perth.  In  1898  he  went  into  partnership  with 
Henry  Langaon  Spring  who  was  to  become  a key  figure  in  the  growing  enterprise.  In 
that  same  year  the  Metters'  factory,  known  as  the  Great  Western  Foundry,  opened  in 
Marquis  Street,  West  Perth  with  an  office  and  showrooms  at  the  corner  of  Hay  and 
William  Streets  in  Perth.  By  1 902  the  company  had  opened  its  third  branch  in  Australia, 
a factory  and  showroom  in  Sydney.  Fred  Metters  sold  his  entire  interest  to  Spring  in 
1908  and  the  company  was  registered  with  its  head  office  in  Adelaide.  In  Perth  the 
showrooms  moved  several  times:  in  1 906  to  the  east  side  of  William  Street  between  Hay 
Street  and  St  Georges  Terrace,  and  in  191 1 to  the  Queens  Building  in  William  Street.  In 
191 1 the  foundry  was  also  moved  from  West  Perth  when  the  company  took  out  a 99  year 
lease  on  fourteen  acres  of  land  in  Subiaco  on  the  corner  of  Salvado  Road  and 
Roydhouse  Street. 

Manufacturing  was  concentrated  on  the  production  of  solid-fuel  stoves  but  by  1910 
the  business  had  diversified  and  was  making  small  agricultural  machinery.  The  First 
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World  War  was  a boon  to  Metiers  because  it  resulted  in  an  increased  demand  for  locally 
produced  goods  to  replace  those  no  longer  available  from  overseas. 

In  1913  Metiers  submitted  a gas  stove  to  the  directors  of  the  FGCC  for  inspection  in 
the  hope  that  the  gas  company  would  undertake  to  buy  on  a regular  basis.  The  directors 
decided  not  to  purchase  but  agreed  to  sell  the  gas  stoves  on  commission.  Although  they 
did  not  give  an  explanation  for  rejecting  the  Metiers’  offer  in  favour  of  English  stoves,  it 
is  likely  that  the  local  prices  were  not  competitive.^^  Metiers,  however,  decided  against 
manufacturing  gas  stoves  in  Perth  at  that  time.  They  did  not  even  submit  a tender  to  the 
PCC  E&G  Department  following  a request  in  19 14  for  suitable  locally  manufactured  gas 
stoves. In  1918  the  FGCC  purchased  four  gas  stoves  from  Metiers  on  a trial  basis.  It  is 
not  clear  whether  they  were  manufactured  at  the  Perth  foundry  or  imported  from  the 
Eastern  States.  However,  it  was  to  be  another  eight  years  before  the  FGCC  began 
purchasing  from  Metiers  on  a regular  basis.  By  this  time  the  stoves  were  certainly  being 
manufactured  in  Perth. 

Figure  10  Wholesale  price  of  stoves  purchased  by  the  FGCC,  1906-26. 


Manufacturer 

Model 

Price 
£ s d 

1906 

Cannon 

3 15  0 

1910 

Cannon 

4 7 6 

Nov. 

1912 

Cannon 

4 5 0 

Jan.-Oct. 

1913 

Cannon 

4 5 0 

Jan. -Oct. 

1914 

Cannon 

4 5 0 

Jan. 

1915 

Cannon 

4 10  0 

Nov. 

1915 

Cannon 

5 1 0 

Dec. 

1916 

Cannon 

5 19  0 

Mar. 

1917 

Cannon 

6 6 0 

Sept. 

1919 

Cannon 

9 3 0 

Apr. 

1920 

Simpson 

6 12  0 

Nov. 

1923 

Simpson 

6 110 

Nov. 

1924 

Cannon 

‘Trusty' 

7 0 0 

Mar. 

1924 

Simpson 

‘A.M.S.’ 

6 110 

Nov. 

1924 

John  Wright 

9 8 0 

Nov. 

1924 

Simpson 

‘Modern’ 

6 110 

Feb. 

1925 

Simpson 

6 19  0 

May 

1925 

Parkinson 

8 6 0 

May 

1925 

Simpson 

6 19  0 

Sept. 

1925 

John  Wright 

‘New  World’ 

10  14  0 

Jan. 

1926 

Simpson 

6 12  0 

Nov. 

1926 

Parkinson 

8 10  10 

Source:  Prices  calculated  from  Appendix  1 


From  1926  to  1930,  60%  of  the  FGCC  stove  purchases  were  from  Metiers  (See 
Appendix  1)  and  this  figure  undoubtedly  increased  in  the  1930s  and  1940s.  The  other 
40%  were  from  the  Parkinson  Stove  Company,  an  English  firm  which  supplied  the  Perth 
market  with  gas  meters  before  1920.  By  the  1920s  Parkinson  was  manufacturing  stoves 
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in  Melbourne  and  in  1929  had  opened  a branch  in  King  Street,  Perth,  manufacturing  gas 
meters  and  selling  sloves.^^^  In  November  1926  a Parkinson  stove  cost  £8  !0s  lOd.  (See 
Figure  10).  Although  the  price  of  a Metters’  stove  at  the  same  time  is  not  available,  it 
must  have  been  competitive  to  constitute  the  major  proportion  of  the  FGCCs 
purchases. 

Details  of  the  FGCCs  stove  purchases  after  1929  are  not  available.  However,  in 
September  of  that  year  the  directors  decided  to  continue  buying  Metiers'  stoves,  but 
only: 

with  the  approved  bottom  [and]  provided  that  they  undertake  to  replace  the 
old  type  of  bottom  ...  to  the  old  pattern  stoves  as  they  are  brought  into  our 
works  from  time  to  time  for  repairs  and  overhaul.  Also  that  they  give  this 
company  an  indemnity  in  legal  form,  in  respect  to  any  claim  which  may  be 
made  against  the  company  through  explosions. 

Obviously  Metiers  had  experienced  problems  with  their  stoves  but  it  is  not  clear  what 
the  problems  were  and  how  they  were  overcome.  Nevertheless,  Metiers’  gas  stove  trade 
increased  to  dominate  the  Perth  market  in  the  1930s  and  1940s. 

An  absence  of  records  makes  it  impossible  to  describe  the  earliest  Metiers  gas  stove 
precisely.  The  1920s  ‘Even  Kooka’  was  one  of  the  earliest  Metiers’  models.  It  was  a 
relatively  small  stove  on  legs  with  no  oven  temperature  control  and  was  finished  with  an 
enamelled  door  and  side  panels.  The  remainder  was  either  blacked  or  nickel-plated.  By 
the  1930s  the  choice  of  models  was  extensive.  The  1935  Gas  Stove  Catalogue  listed 
sixteen  variations  of  the  domestic  cooker,  mostly  ‘Early  Kookas'  of  which  the  ‘No  12’ 
was  the  most  popular.  ( Figure  1 1 ) The  differences  were  in  the  oven  and  hotplate  si/e  and 
the  type  of  finish  on  the  cast-iron.  The  name  ‘Early  Kooka’  became  synonymous  with  gas 
stoves  in  Western  Australia  and  in  the  1930s  ‘Early  Kooka’  stoves  were  immediately 
identified  by  a large  kookaburra  painted  on  the  centre  of  the  oven  door.  Other  models 
included  the  ‘New  Suburban’,  ‘New  Sydney’  and  ‘Pearl’. 

By  1928  Metiers  patented  the  ‘Retained  Heat’  oven  which,  the  Company  claimed, 
reduced  gas  consumption  a minimum  by  improved  packing  ot  the  insulation  fibre  on 
all  sides  and  the  positioning  of  a heal  deflector  plate  below  the  baffle  which  radiated  the 
heat  back  into  the  oven.  (Figure  5)  The  flue  exit  remained  at  the  top  ot  the  oven  and  did 
so  well  into  the  1930s.  In  1935  the  Company  was  still  promoting  the  same  ‘Retained 
Heat’  oven.'^- 

From  the  mid-1930s  Metiers  was  producing  stoves  with  eye-level  ovens  available  on 
either  the  right  or  left  hand  side  of  the  hotplate.  These  split  level  stoves  had  an  enamelled 
splash-back  and  plate  rack  as  a standard  feature.  On  the  upright  stoves  the  splash  back 
and  plate  rack  were  sold  as  optional  extras.  All  upright  ‘Early  Kookas'  could  be  fitted 
with  a ‘Spersom’  thermostat  and  split-level  models  with  a ‘Robertshaw  Automaticook’, 
both  at  extra  cost.  In  1940  the  cost  of  a thermostat  fitted  to  a No.  1 2 ‘Early  Kooka’  was  £3 
6s  Od.  which  was  nearly  25%  of  the  price  of  the  basic  stove.  The  model  name  ‘Thermetf 
was  introduced  in  the  1930s  to  describe  stoves  fitted  with  thermostatically  controlled 
ovens. 
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Figure  11  Metiers'  No.  12 ‘Early  Kooka'.  1930s-1940. 


Metiers’  stoves  were  available  in  a variety  of  finishes  including  enamelled  door  and 
side  panels  with  nickel  or  chromium  plated  finishes,  all  mottled  enamel  finishes  or  all 
porcelain  enamel  finishes.  By  the  1930s  the  hotplate  bars  and  burners  were  black 
enamelled  or  nickel-plated  making  cleaning  easier. 

Metiers  manufactured  a variety  of  grillers  and  boiling-rings  by  the  1 930s  of  which  the 
‘F^igmy’  and  ‘No.  9’  grillers  were  the  most  popular. (Figures  8,  9)  These  changed  very 
little  over  time,  as  discussed  earlier. 

In  the  1 920s  Parkinson  Stove  Company  models  included  the  ‘Liverpool’  and  ‘Sunray’. 
The  early  model  ‘Liverpool’  had  a damper  in  the  oven  flue  and  neither  had  a thermostat. 
Both  had  enamelled  panels  on  the  outside  and  the  ‘Sunray’  insulation  was  held  in  these 
exterior  panels.  Production  of  the  ‘Liverpool’  continued  until  the  mid-1930s  and  the 
‘Sunray’  continued  until  at  least  the  early  1940s.  The ‘New  Suburbia’  was  being  produced 
in  the  1930s  and  the  ‘Centennial’  and  ‘Swiff  in  the  1930s  and  1940s.  There  were  several 
variations  of  each  of  these  models  including,  in  1935,  the  numbers  1 1, 25  and  43  ‘New 
Suburbia’.  In  1940  there  were  the  numbers  1 1/502,  25/502,  36/502,  45/502,  45/498, 
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45/504  'Sunray'.  the  2 25,  2/43  and  2/45  'Swift',  and  the  45  700  'Centennial'. It  is  no 
wonder  that  members  of  the  Australian  gas  industry  complained,  in  the  1 930s  and  1 940s, 
of  the  over-abundance  of  models  available  on  the  market  and  called  for  a 
standardization  of  stoves.-^^ 

The  PCC  E&G  Department  began  selling  Parkinson  stoves  in  the  i930s  and  these 
models  constituted  the  Department's  main  sales  until  the  late  1940s.  (Figure  12)  Of  the 
251  stoves  sold  by  the  Department  in  1935,  169  or  67%,  were  Parkinson  stoves  and  of 
these  83%  were  'Sunray  Minor'  models.  Only  14,  or  6%^,  of  stove  sales  were  Metters’ 
models.  The 'Sunray  Minor'  was  one  of  the  cheapest  stoves  available,  costing  £7  OsOd  for 


Figure  12  Retail  price  of  stoves  sold  by  the  PCC  E&G  Department  1935-47. 


Manufacturer 

Model 

No.  Sold 

Cash  Price  (£) 

1935 

Parkinson 

'Sunray  Minor’ 

141 

7 

0 

0 

1935 

Parkinson 

‘New  Suburbia' 

28 

17 

0 

0 

1935 

‘Bijou’ 

37 

10 

18 

0 

1935 

‘Donald’ 

31 

5 

12 

0 

1935 

Metters 

‘New  Suburban' 

11 

10 

0 

0 

1935 

Metters 

No.  1 1 ‘Early  Kooka’ 

3 

16 

12 

6 

1940 

Parkinson 

‘Sunray’ 

53 

9 

13 

6 

1940 

Parkinson 

‘Centennial’ 

16 

1 1 

12 

0 

1940 

Parkinson 

‘Swift’ 

56 

17 

1 1 

0 

1940 

Metiers 

No.  12  ‘Early  Kooka’ 

22 

14 

0 

0 

1940 

Metters 

‘Thermett  Junior' 

10 

16 

5 

0 

1940 

Metters 

No.  1 2 ‘Thermett’ 

7 

17 

6 

0 

1940 

7 

‘Donald’ 

1 1 

6 

5 

0 

1941 

Parkinson 

‘Sunray’ 

97 

9 

15 

0 

1941 

Parkinson 

‘Swift’ 

90 

17 

15 

6 

1941 

Parkinson 

‘Centennial’ 

33 

12 

7 

9 

1941 

Metters 

No.  12  ‘Early  Kooka’ 

36 

— 

1941 

Metters 

No.  12 ‘Thermett’ 

27 

17 

13 

0 

1941 

Metters 

No.  1 1 ‘Early  Kooka' 

3 

1941 

Metters 

No.  24  ‘Early  Kooka' 

3 

18 

6 

3 

1941 

Metters 

‘New  Suburban’ 

15 

1941 

Metters 

‘Thermett  Junior’ 

3 

1941 

7 

‘Donald’ 

45 

6 

5 

0 

1942 

Parkinson 

‘Centennial’ 

48 

14 

13 

9 

1942 

Parkinson 

‘Swift’ 

31 

18 

2 

0 

1942 

Parkinson 

‘Sunray’ 

16 

9 

19 

0 

1942 

Metters 

No.  12  ‘Early  Kooka’ 

1 

1942 

7 

‘Donald’ 

7 

6 

5 

0 

1945 

Parkinson 

‘Swift’ 

13 

20 

9 

6 

1945 

Parkinson 

‘Centennial’ 

13 

15 

1 

0 

1945 

Metters 

No.  12  ‘Early  Kooka’ 

14 

17 

2 

0 

1947 

Metters 

No.  12  ‘Early  Kooka’ 

214 

17 

9 

6 

1947 

Parkinson 

‘Centennial’ 

33 

14 

9 

6 

Source:  PCC  E&G  Department  Show  Room  Sales  Ledgers,  1935-47 
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a cash  purchase  in  1935  compared  to  £10  Os  Od  for  the  cheapest  Metters’  stove.  The 
‘Sunray  Minor'  was  a very  small  and  basic  model  without  any  extras,  such  as  a 
splashback  or  thermostat,  but  its  cheapness  dictated  its  popularity.  The  ‘New  Suburbia’ 
models  were  much  more  expensive  costing  £17  Os  Od  in  1935.  (Figure  12) 

By  1940  the  number  of  Metters’  stoves  sold  by  the  PCC  E&G  Department  had 
increased  to  39,  or  23%,  but  Parkinson  models  still  dominated,  making  up  7 1 % of  sales. 
In  1945  only  40  stoves  were  sold  by  the  Department,  due  to  restrictions  under  the 
National  Security  Act,  and  of  these  two  thirds  were  Parkinson  models  and  one  third 
Metters’.-^^  By  1947,  however,  Metters’  stoves,  already  popular  on  the  local  market, 
dominated  the  PCC  E&G  Department  sales  with  214  of  the  247  stoves  sold  being 
Metters’  No.  12  ‘Early  Kookas’.  The  remaining  33  sales  were  Parkinson  ‘Centennial’ 
models. 

English  imports  from  John  Wright  and  Company  continued  throughout  the  period 
although  increased  tariffs  in  1920  made  them  prohibitively  expensive  for  most  people 
and  the  quantities  imported  declined  accordingly.-^^  In  the  1920s  the  ‘New  World’  series 
went  into  production  and  was  manufactured  until  at  least  the  1940s.  This  model  was 
considered  the  best  stove  available  on  the  Australian  market  and  members  of  the  gas 
industry  regretted  its  decreased  sales,  due  to  the  high  cost,  and  the  resultant  loss  to  the 
standard  of  appliances  in  the  industry.-^'^  Oven  ‘Regulos’  were  fitted  from  the  1920s 
making  the  ‘New  World’  one  of  the  first  gas  stoves  to  offer  the  benefits  of  the 
thermostatically  controlled  oven.  The  oven  used  a single  burner  and  the  flue  was  moved 
from  the  top  to  the  bottom  when  the  thermostat  was  fitted. This  provided  a more  even 
temperature  in  the  upper  part  of  the  oven  and  in  addition  a low  temperature  area  below 
the  flue.  The  latter  area  was  useful  for  cooking  food  which  required  a very  low  heat  while 
other  food  was  being  cooked  at  a high  temperature  in  the  upper  section  of  the  oven.  The 
early  regulators  were  numbered  from  I / 4,  1 , 2,  1 , 2, ...  1 2,  and  a metal  plate  incidating 
the  correct  temperature  for  cooking  different  foods  hung  beside  the  stove. 

The  late  1930s  and  early  1940s  ‘New  Worlds’  had  anti-flashback  hotplate  burners 
which  were  ignited  automatically.**'  The  flame  slots  in  the  burners  were  at  a slight  angle 
which  prevented  food  spillages  extinguishing  the  flame  and  clogging  the  slots  and  also 
gave  a higher  gas  efficiency.  The  hotplate  had  at  least  one  high  powered  burner  for  rapid 
boiling  and  on  some  models,  one  or  more  duplex  burners.  The  duplex  burner  enabled 
either  the  entire  burner  or  just  the  simmering  slots  to  be  used.  The  ‘Vertico’  tap,  in  use  by 
the  1930s,  was  unique  to  the  ‘New  World’  stove  and  was  designed  to  avoid  leakage  alter 
prolonged  use.**-  Gas  leakage  was  a common  problem  with  other  tap  designs.  The  safety 
handles  of  the  ‘Vertico’  taps  had  to  be  lifted  to  a horizontal  position  before  turning  on  the 
gas.  I'his  prevented  the  taps  being  inadvertently  knocked  on. 

The  1920s  ‘New  Worlds'  often  had  enamelled  insets  on  the  oven  door  and  sides 
simulating  tiles.  (Figure  3)  By  the  1930s  they  were  generally  plain  or  mottled  enamel.  In 
the  late  1 930s  and  early  1 940s  the  ‘New  World’  stoves  had  clean  exterior  lines  with  all  the 
supply  pipes  concealed.  The  most  modern  model  available  was  a cabinet  style  with  a 
hinged  splash  back  which  folded  down  to  cover  the  hotplate,  providing  additional  bench 
space  and  complying  with  the  fashion  of  clean  lines. 
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During  the  1920s  the  PCC  E&G  Department  continued  to  buy  most  of  its  stoves  from 
John  Wright  and  Company  in  England.  In  the  twelve  months  to  June  1928  the 
Department  sold  790  English  stoves  compared  to  97  Australian  stoves  although  the  Gas 
Department  plumbers,  whose  numbers  made  up  most  of  the  plumbers  registered  to 
install  gas  appliances  in  the  PCC  E&G  Department  area  of  supply,  had  connected  about 
1000  of  eachA^  Because  there  were  a number  of  local  businesses  supplying  Australian 
models,  the  Gas  Department  stocked  mainly  John  Wright  imports  for  which  it  held  the 
franchise  until  the  early  1930s.  By  1935,  however,  the  PCC  E&G  Department  was  no 
longer  selling  John  Wright  stoves.^ 

Imported  stoves  from  England  dominated  the  Perth  metropolitan  market  until  the 
1920s.  In  1920  a sharp  increase  in  tariffs  made  English  imports  prohibitively  expensive 
for  most  people  and,  except  for  the  PCC  E&G  Department,  local  retailers  turned  to 
Australian  stoves  even  though  they  were  considered  inferior.  From  the  later  1 920s  stoves 
manufactured  by  the  Metters  company  in  Perth  and  the  Parkinson  Stove  Company  in 
Melbourne  dominated  FGCC  sales  and,  from  the  1930s,  PCC  E&G  Department  sales. 
The  Parkinson  Stove  Company,  although  not  manufacturing  locally,  remained  a 
competitor  for  Metters  — albeit  in  second  place  — in  the  1930s  and  the  early  1940s  due 
to  the  popularity  of  its  cheaper,  basic  ‘Sunray’  models.  By  the  late  1940s,  Metters  prices 
compared  favourably  with  all  Parkinson  models  and  Metters  clearly  dominated  the 
local  market. 


CONCLUSION 

The  gas  stove  was  introduced  for  the  first  time  in  metropolitan  Perth  homes  in  the  early 
1900s.  At  that  time  it  was  constructed  of  black  cast  iron  and  had  little  insulation  in  the 
oven  and  no  oven  thermostat,  and  was  almost  as  difficult  to  clean  as  the  wood  stoves  it 
replaced. 

Gas  cooking  appliances  in  metropolitan  Perth  had  no  serious  labour-saving 
competitors  before  the  1950s  so  there  was  little  incentive  for  manufacturers  to  improve 
stove  design.  However,  in  the  1930s  and  1940s  the  perceived  threat  of  competition  from 
electric  stoves  for  the  cooking  market  provoked  reaction  from  the  Australian  gas 
industry.  This  was  influenced  by  the  intense  rivalry  between  manufacturers  of  gas  and 
electric  appliances  in  the  United  States.  There,  competition  for  technological  and  design 
innovation  produced  stoves  in  the  1940s  which  differed  markedly  from  those  in  the 
1920s.  However,  electricity  in  Australia  was  not  a serious  competitor  until  after  1950, 
which  probably  accounts  for  the  lag  in  technological  and  design  improvements. 
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APPENDIX  1 

Listings  of  new  stoves  purchased  by  the  FGCC,  1906-29. 


Date 

Manufacturer 

No. 

£ s d 
Cost 

Mar. 

1906* 

Cannon  iron  Foundries 

118 

6 

8 

May 

1906 

Cannon  Iron  Foundries 

36 

18 

2 

1906 

John  Wright  & Col 

1908 

Chalmers  & Browne 

Jun 

1906 

Cannon  Iron  Foundries 

10 

Nov 

1912 

Cannon  Iron  Foundries 

40 

172 

1 

9 

Jan 

1913 

Cannon  Iron  Foundries 

40 

170 

12 

6 

Jun 

1913 

Cannon  Iron  Foundries 

20 

84 

19 

6 

Jul 

1913 

Cannon  Iron  Foundries 

20 

84 

0 

6 

Oct 

1913 

Cannon  Iron  Foundries 

20 

84 

19 

6 

Jan 

1914 

Cannon  Iron  Foundries 

20 

84 

7 

4 

Feb 

1914 

Cannon  Iron  Foundries 

20 

85 

5 

6 

Apr 

1914 

Cannon  Iron  Foundries 

40 

167 

13 

2 

Oct 

1914 

Cannon  Iron  Foundries 

30 

127 

16 

0 

Jan 

1915 

Cannon  Iron  Foundries 

40 

180 

11 

2 

Jan 

1915 

Plummer  & Love 

1 

3 

19 

6 

Apr 

1915 

Parkinson  Stove  Co. 

6 

1 1 

10 

Jul 

1915 

Cannon  Iron  Foundries 

40 

176 

0 

5 

Aug 

1915 

Stoves  X ‘Hebburn' 

14 

6 

10 

Nov 

1915 

Cannon  Iron  Foundries 

40 

202 

15 

4 

Jan 

1916 

Cannon  Iron  Foundries 

40 

206 

6 

6 

Dec 

1916 

Cannon  Iron  Foundries 

36 

214 

0 

8 

Mar 

1917 

Cannon  Iron  Foundries 

4 

25 

6 

5 

May 

1918 

A.  Simpson  & Sons 

7 

6 

1 

Sep 

1918 

Metters  Ltd 

33 

4 

1 

Sep 

1919 

Cannon  Iron  Foundries 

40 

365 

17 

8 

Apr 

1920 

A.  Simpson  & Sons 

6 

39 

10 

9 

Jun 

1920 

Cannon  Iron  Foundries 

1 1 

8 

6 

Oct 

1921 

A.  Simpson  & Sons 

36 

13 

0 

Jan 

1922 

A.  Simpson  & Sons 

70 

13 

9 

Feb 

1922 

A.  Simpson  & Sons 

69 

0 

0 

Aug 

1922 

A.  Simpson  & Sons 

83 

2 

6 

Aug 

1922 

Cannon  Iron  Foundries 

163 

7 

Jan 

1923 

A.  Simpson  & Sons 

158 

12 

8 

Feb 

1923 

A.  Simpson  & Sons 

81 

2 

6 

Apr 

1923 

A.  Simpson  & Sons 

78 

7 

0 

May 

1923 

A.  Simpson  & Sons 

78 

7 

10 

Sep 

1923 

A.  Simpson  & Sons 

12 

78 

0 

6 

Sep 

1923 

R.  & A.  Main  Ltd 

1 

9 

13 

1 

Nov 

1923 

A.  Simpson  & Sons 

36 

235 

2 

6 

Dec 

1923 

A.  Simpson  & Sons 

24 

156 

16 

0 

Feb 

1924 

A.  Simpson  & Sons 

25 

163 

7 

2 

(24  A.M.S.  & 1 Modern) 

Mar 

1924 

Cannon  Iron  Foundries 

13 

90 

17 

11 

(12  Trusty  & 1 Challenge) 

Mar 

1924 

A.  Simpson  & Sons  (A.M.S.) 

23 

150 

4 

6 
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£ 

s 

d 

Date 

Manufacturer 

No. 

Cost 

Apr 

1924 

A.  Simpson  & Son  (A.M.S.) 

25 

163 

2 

9 

Apr 

1924 

Wm  H Hunt  (Royal) 

6 

43 

12 

0 

Aug 

1924 

A.  Simpson  & Sons 

23 

159 

6 

9 

Nov 

1924 

J.  Wright  & Co. 

6 

56 

9 

8 

Nov 

1924 

A.  Simpson  & Son  (Modern) 

24 

157 

18 

6 

Feb 

1925 

A.  Simpson  & Son 
(18  Modern  & 6 Special) 

24 

167 

0 

10 

Apr 

1925 

Parkinson  Stove  Co. 

4 

36 

2 

0 

May 

1925 

A.  Simpson  & Sons 

24 

167 

2 

0 

May 

1925 

Parkinson  Stove  Co. 

8 

66 

6 

3 

May 

1925 

A.  Simpson  & Sons 

24 

167 

0 

0 

Aug 

1925 

A.  Simpson  & Sons 

12 

79 

4 

0 

Sep 

1925 

J,  Wright  & Co. 

(New  World) 

6 

64 

2 

5 

Nov 

1925 

A.  Simpson  & Sons 

12 

79 

4 

0 

Jan 

1926 

A.  Simpson  & Sons 

12 

79 

4 

0 

Mar 

1926 

Metters  Ltd 

91 

6 

3 

Apr 

1926 

Metiers  Ltd 

20 

10 

3 

May 

1926 

Parkinson  Stove  Co. 

27 

1 1 

5 

Jul 

1926 

Metters  Ltd 

123 

8 

2 

Sep 

1926 

Metters  Ltd 

125 

7 

11 

Ocl 

1926 

Metters  Ltd 

195 

11 

9 

Nov 

1926 

Parkinson  Stove  Co. 

6 

51 

5 

0 

Nov 

1926 

Metters  Ltd 

89 

10 

1 

Jan 

1927 

Metters  Ltd 

118 

6 

2 

Feb 

1927 

Metters  Ltd 

136 

8 

9 

Mar 

1927 

Metters  Ltd 

99 

15 

3 

Apr 

1927 

Metters  Ltd 

134 

5 

2 

May 

1927 

Metters  Ltd 

94 

9 

6 

May 

1927 

Metters  Ltd 

109 

6 

6 

Jul 

1927 

Metters  Ltd 

148 

2 

9 

Aug 

1927 

Metters  Ltd 

92 

7 

7 

Sep 

1927 

Metters  Ltd 

33 

3 

0 

Oct 

1927 

Metters  Ltd 

193 

18 

7 

Nov 

1927 

Metters  Ltd 

127 

10 

11 

Jan 

1928 

Metters  Ltd 

109 

2 

9 

Feb 

1928 

Metiers  Ltd 

193 

0 

0 

Mar 

1928 

Metters  Ltd 

22 

7 

6 

Apr 

1928 

Metiers  Ltd 

233 

14 

9 

May 

1928 

Metters  Ltd 

168 

5 

1 

May 

1928 

Metiers  Ltd 

168 

5 

1 

May 

1928 

Metters  Ltd 

205 

10 

3 

Jul 

1928 

Metiers  Ltd 

77 

1 

6 

Aug 

1928 

Metters  Ltd 

77 

18 

6 

Aug 

1928 

Parkinson  Stove  Co. 

18 

6 

6 

Sep 

1928 

Parkinson  Stove  Co. 

27 

8 

0 

Oct 

1928 

Parkinson  Stove  Co. 

91 

14 

0 

Oct 

1928 

Metters  Ltd 

30 

5 

0 
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Domestic  gas  cooking  appliances 


Date 

Manufacturer 

£ s 

Cost 

d 

Nov 

1928 

Metters  Ltd 

75 

16 

7 

Nov 

1928 

Parkinson  Stove  Co. 

47 

13 

6 

Nov 

1928 

Parkinson  & Cowan 

86 

13 

6 

Nov 

1928 

Metters  Ltd 

41 

8 

9 

Jan 

1929 

Metters  Ltd 

112 

5 

10 

Jan 

1929 

Parkinson  Stove  Co. 

91 

15 

0 

Feb 

1929 

Parkinson  Stove  Co. 

107 

0 

0 

Feb 

1929 

Metters  Ltd 

74 

3 

6 

Mar 

1929 

Parkinson  Stove  Co. 

74 

0 

0 

Apr 

1929 

Parkinson  Stove  Co. 

132 

12 

6 

May 

1929 

Parkinson  Stove  Co. 

46 

0 

0 

May 

1929 

Metters  Ltd 

16 

9 

10 

May 

1929 

Metters  Ltd 

68 

7 

6 

May 

1929 

Parkinson  Stove  Co. 

100 

15 

0 

Jul 

1929 

Parkinson  Stove  Co, 

27 

7 

6 

Jul 

1929 

Metters  Ltd 

17 

0 

0 

Aug 

1929 

Parkinson  Stove  Co. 

76 

7 

6 

Sep 

1929 

Parkinson  Stove  Co. 

31 

0 

0 

Oct 

1929 

Parkinson  Stove  Co. 

80 

10 

0 

Oct 

1929 

Metters  Ltd 

54 

14 

11 

Nov 

1929 

Parkinson  Stove  Co. 

78 

12 

6 

Nov 

1929 

Metters  Ltd 

57 

0 

4 

Nov 

1929 

Metters  Ltd 

54 

5 

5 

Nov 

1929 

Parkinson  Stove  Co. 

184 

2 

6 

Source:  FGCC  Ledgers,  1906-29  * listings  incomplete 
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Description  of  a new  species  of  mullid  fish  from  south-western  Australia, 
with  comments  on  Upeneichthys  lineatus 

J.  Barry  Hutchins* 

Abstract 

Upeneichihvs  siotii  is  described  from  30  specimens  from  south-western  Australia  (Albany  to 
Shark  Bay).  It  is  distinguished  from  U.  lineatus.  the  only  other  member  of  Upeneichthys.  by 
the  different  colour  pattern  on  the  snout  (horizontal  blue  lines  versus  oblique  blue  lines 
respectively),  different  fin  sizes,  and  a much  smaller  maximum  length  ( 138  mm  SL  versus  at 
least  280  mm  SL).  Evidence  is  also  provided  to  show  that  three  distinct  forms  of  Upeneichthys 
lineatus  can  be  recognised,  U.  lineatus  lineatus  from  eastern  Australia,  U.  lineatus  vlamingii 
from  southern  and  south-western  Australia,  and  U.  lineatus  porosus  from  New  Zealand. 


Introduction 

Fishes  of  the  mullid  genus  Upeneichthys  inhabit  sandy  and  silty  bottoms  in  coastal 
waters  of  southern  Australia  and  New  Zealand.  A recent  review  of  the  genus  ( Ben-T uvia 
1986)  recognised  only  one  species,  U.  lineatus  (Bloch  and  Schneider,  1801),  but  also 
included  a comment  concerning  the  considerable  morphological  variability  of  the  taxon. 
Subsequently  Hutchins  and  Swainston  (1986)  and  Stewart  (1987)  both  distinguished 
two  species,  U.  lineatus  U.  vlamingii  (Qvlvx^x.,  1829),  although  the  findings  of  each 
study  differed  considerably.  Hutchins  and  Swainston  used  U.  lineatus  lor  an  eastern 
Australian  goatfish  and  U.  vlamingii  for  a species  inhabiting  southern  and  south-western 
Australia.  However,  the  unpublished  study  of  Stewart  recommended  that  the  species 
characterised  by  a dark  stripe  along  the  side  of  the  body  be  known  as  U.  lineatus,  and 
that  the  species  lacking  this  stripe  be  referred  to  as  ih  vlamingii.  .A  third  lorm  w'as  also 
identified  from  Port  Phillip  Bay  but  no  name  was  provided  for  it  1 he  purpose  of  the 
present  paper  is  to  describe  a previously  unrecognised  species  oi  Upeneichthys  from 
south-western  Australia  as  new,  and  to  present  evidence  showing  that  U.  lineatus  is  in 
fact  represented  by  three  distinct  forms,  U.  lineatus  lineatus  from  eastern  Australia,  U. 
lineatus  vlamingii  from  Australia’s  south  and  south-western  coasts,  and  U.  lineatus 
porosus  from  New  Zealand. 

Counts  and  measurements  follow  Randall  and  Gue/e  (1984),  with  the  following 
exception:  when  the  jaws  of  a specimen  are  locked  in  a protractile  position,  the  standard 
length  (SL),  head  length,  and  snout  length  are  all  taken  from  the  midline  of  the  fleshy 
anterior  margin  of  the  snout  instead  of  the  upper  lip.  The  material  examined  is  housed  at 
the  following  institutions:  Australian  Museum,  Sydney  (AMS);  Bishop  Museum, 
Honolulu  (BPBM);  British  Museum  (Natural  History)  (BMNH);  CSIRO  Fisheries, 
Hobart  (CSIRO);  National  Museum  of  New  Zealand,  Wellington  (NMNZ);  Museum 
of  Victoria,  Melbourne  (NMV);  Queensland  Museum,  Brisbane  (QM);  and  Western 
Australian  Museum.  Perth  (WAM). 


^Department  of  Aquatic  Vertebrates,  Western  Australian  Museum,  Francis  St,  Perth,  Western  Australia 
6000. 
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A new  species  of  mullid  fish 


Systematics 

Upeneichthys  stotti  sp.  nov. 

Figure  1;  Tables  1-2 

Holotype 

WAM  P.28939-003,  117  mm  SL,  north-east  of  Rottnest  Island,  Western  Australia  (3P’58'S,  1I5*'34'E), 
trawled  at  33  m,  licensed  fishing  boat  “Bluefin",  18  October  1965. 

Paratypes 

Twenty  nine  specimens  from  Western  Australia,  85-135  mm  SL  (unless  otherwise  designated,  all  at  W AM): 
P.5504-001,  138  mm  SL,  Wallabi  Islands.  Houtman  Abrolhos,  P.  Barrett-Lennard,  1960;  P.5594-001,  102 
mm  SL,  Bluff  Rocks,  Kalbarri,  2 April  1963;  P.5783-001,  102  mm  SL,  Shark  Bay,  R.J.  McKay,  22  March 
1962;  P.20883-001,  1 12  mm  SL,  north  of  Rottnest  Island,  trawled  at  3 1 m,  R.V.  “Flinders",  7 February  1972; 
P.20890-001,  I 10  mm  SL,  same  data  as  for  P.20883-001;  P.22067-001,  2 specimens.  126-132  mm  SL,  north 
of  Rottnest  Island,  D.  Heald  on  R.V.  “Flinders",  5 April  1972;  P.272 19-026,  98  mm  SL.  Hummock  Island, 
Houtman  Abrolhos,  trawled  at  40-44  m,  D.  Heald,  22  November  1980;  P.27960-01 1,2  specimens,  85-99  mm 
SL.  off  mouth  of  Murchison  River,  Kalbarri.  rolenone  at  16-17  m,  J.B.  Hutchins  et  aL,  17  April  1983; 
P.28614-001,  1 1 specimens,  93-1  15  mm  SL  (93  mm  SL  specimen  cleared  and  stained).  King  George  Sound, 
trawled  in  34-36  m,  J.  B.  H utchins,  4 March  1 986;  P.28939-002, 5 specimens,  90- 1 2 1 mm  S L,  same  data  as  for 
holotype;  AMS  1.28972-001,  109  mm  SL,  same  data  as  for  P.22067-001:  BPBM3391 1,2  specimens,  121-133 
mm  SL.  off  Point  Peron  (3I‘'54'S,  1 15"I8'E),  trawled  at  50-60  m,  8 January  1964. 

Diagnosis 

This  species  is  distinguished  from  Upeneichthys  tineatus  by  the  distinctive  coloration 
of  its  snout,  different  fin  proportions,  and  smaller  maximum  size.  The  latter  possesses 
oblique  lines  extending  anteriorly  from  the  eye  to  the  upper  jaw,  whereas  U.  stotti  has 
more  horizontally  arranged  lines  extending  to  the  dorsal  profile  of  the  snout  ( V.  lineatus 
also  has  some  rather  irregular  blue  cross  bars  on  the  dorsal  surface  of  the  head). 
Upeneichthys  stotti  possesses  shorter  fin  rays  in  the  second  dorsal  and  anal  fins  (longest 
ray  2. 2-2, 6 and  2.5-2. 8 respectively,  both  in  head  length,  versus  1 . 1-2.4 and  1. 7-2. 6 for  U. 
lineatus),  and  a longer  first  dorsal  base  (0.9- 1.5  in  head  length  versus  1.5-2. 1). 
Upeneichthys  stotti  reaches  a known  maximum  length  of  138  mm  SL,  whereas  U. 
lineatus  grows  to  at  least  280  mm  SL. 

Description 

Measurments  and  counts  of  the  holotype  and  paratypes  are  presented  in  Table  I . The 
following  counts  and  proportions  in  parentheses  represent  the  ranges  for  the  paratypes 
when  they  differ  from  those  of  the  holotype.  Dorsal  fin  rays  VIIL9  (last  soft  fin  ray 
branched  to  base);  anal  fin  rays  1,7  (last  soft  fin  ray  branched  to  base);  pectoral  fin  rays  15 
(14-16,  mostly  15  or  16)  (upper  two  rays  unbranched);  pelvic  fin  rays  1,5;  principal  caudal 
fin  rays  15  (uppermost  and  lowermost  rays  unbranched);  upper  procurrent  caudal  fin 
rays  11(10-11)  and  lower  procurrent  rays  10(10-11);  lateral  line  scales  27  (26-28,  mostly 
27)  (pored  scales  on  caudal  fin  base  not  included);  scales  above  lateral  line  to  origin  of 
first  dorsal  fin  IVr,  scales  below  lateral  line  to  origin  of  anal  fin  5y2;  median  predorsal 
scales  11-13;  horizontal  scale  rows  on  cheek  3;  gill  rakers  6+17;  branchiostegal  rays  4; 
vertebrae  10  + 14. 

Body  moderately  elongate  and  compressed,  depth  3. 1 (2. 9-3. 3)  and  width  6.9  (5. 8-6. 9), 
both  in  SL;  head  length  3.3  (3. 0-3. 3)  in  SL;  snout  length  2.3  (2.0-2. 3)  in  head  length;  eye 
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3.9  (3. 5-4.3)  and  interorbital  space  4.0  (4.0-4.7),  both  in  head  length;  barbels  almost 
reaching  to  vertical  through  rear  margin  of  preopercle,  their  length  1 .3  ( 1 .3- 1 .5)  in  head 
length;  depth  of  caudal  peduncle  2.8  (2. 6-2. 9)  in  head  length. 

Mouth  moderate  in  length,  maxilla  reaching  to  below  nostrils  (to  slightly  behind  front 
border  of  eye  in  three  paratypes),  its  length  2.6  (2. 6-2. 9)  in  head  length;  lower  jaw  inferior 
to  upper  jaw;  one  row  of  small  to  medium-sized  conical  teeth  in  each  jaw,  forming  two 
irregular  series  near  symphysis,  with  some  lateral  teeth  becoming  noticeably  larger  with 
increasing  SL;  vomer  with  two  patches  of  small  teeth,  each  patch  comprising  1-2 
irregular  rows;  no  teeth  on  palatines.  Posterior  nostril  slitlike,  located  immediately  in 
front  of  eye  slightly  above  level  of  centre  of  eye;  anterior  nostril  more  rounded, 
positioned  about  three-fifths  distance  trom  eye  to  front  ot  snout  at  level  ot  centre  ot  eye 
or  slightly  below.  Gill  membranes  narrowly  attached  to  isthmus.  Longest  gill  filament  on 
first  gill  arch  about  equal  to  eye  diameter,  and  longest  gill  raker  about  three-lourths 
length  of  longest  gill  filament.  Opercle  with  two  flat  spines  on  posterior  margin  at  about 
level  of  middle  of  eye,  lower  one  much  stronger  than  upper. 

Scales  finely  ctenoid;  head  partly  scaled  (no  scales  on  snout,  nor  around  eye);  small 
partly  imbedded  scale  on  rear  portion  of  maxilla,  covered  by  lacryma!  bone,  and  similar 
scale  just  behind  and  below'  rear  margin  of  maxilla;  tins  naked  except  tor  basal  halt  ot 
caudal  fin  and  two  median  ventral  scales  covering  inner  base  ot  pelvic  tins;  lateral  line 
following  contour  of  back;  pored  scales  ot  lateral  line  with  numerous  tubules,  some 
tubules  occasionally  branched. 

Origin  of  first  dorsal  fin  above  third  lateral  line  scale;  dorsal  spines  slender  and 
flexible,  first  spine  very  short  (about  equal  to  pupil  diameter),  second  to  third  spine 
longest,  length  1.3  ( 1 .3- 1 .6)  in  head  length;  origin  ot  second  dorsal  tin  above  thirteenth 
lateral  line  scale;  longest  soft  dorsal  ray  (sixth)  2.3  (2. 2-2. 6)  in  head  length  (longest  ray  in 
specimens  below  100  mm  SL  usually  the  third  ray);  anal  spine  small,  closely  adherent  to 
first  soft  ray:  longest  soft  anal  ray  (third)  2.8  (2. 5-2. 8)  in  head  length  (longest  ray  vaiies 
between  second  and  fourth  ray);  caudal  fin  torked.  its  length  1.1  ( 1 . 1-L4)  in  head  length, 
pectoral  fin  pointed,  length  1.3  ( 1.3- 1.4)  in  head  length;  origin  ot  pelvic  tin  below  upper 
base  of  pectoral  fin;  pelvic  spine  about  two-thirds  length  ot  longest  pelvic  ray,  pelvic  tin 
about  equal  in  length  to  pectoral  tin. 

Colour  of  holotype  in  alcohol:  head  and  body  pale  yellowish  brown,  lowei  halt  more 
silvery;  snout  with  three  longitudinal  yellowish  stripes,  each  stripe  with  pale  brown 
margins,  interspaces  silvery  white;  upper  two  stripes  originating  trom  anterior  margin  of 
eye,  third  from  below  eye,  all  joining  with  counterparts  across  dorsal  surtace  of  snout 
(first  stripe  narrower  in  width  than  remainder);  all  fins  hyaline  to  pale  yellowish  brown. 

Colour  of  paratypes  when  fresh  (based  on  colour  transpaiencies  ot  both  live  and 
freshly  dead  individuals):  head  and  body  pinkish  orange,  lower  hall  ot  head  more  silvery, 
and  lower  half  of  body  more  yellowish;  body  with  two  longitudinal  series  of  purplish 
spots,  extending  from  just  above  pectoral  base  to  caudal  peduncle  ( Figure  1 ):  snout  with 
three  yellow  stripes  arranged  as  described  tor  holotype  above,  but  also  continued 
posteriorly  towards  rear  margin  of  head;  spaces  between  yellowish  stripes  pale  silvery 
purple,  forming  3-4  pale  stripes  on  head  (Figure  1);  barbels  whitish  with  yellow  tips,  all 
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Figure  I Upeneichthys  stoiti,  paratype.  WAM  P.27960-01  1.  99  mm  SI..  Kaibarri.  Western  Australia, 
photographed  underwater  by  J.B.  Hutchins. 


Figure  2 Upeneichthys  lineatus  v/amingii.  Boat  Harbour,  Tasmania,  photographed  underwater  by  J.B. 
Hutchins. 
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fins  pinkish  orange,  first  dorsal,  second  dorsal,  and  caudal  fins  with  irregular  yellowish 
markings  and  bluish  spots,  spots  of  second  dorsal  arranged  more  longitudinally  on  outer 
half;  after  death,  blue  and  purplish  markings  becoming  paler,  but  yellowish  stripes  on 
snout  still  prominent. 

Table  1 Measurements  in  mm  of  selected  types  of  Upeneichthys  stotii 


Holotype  Paratypes 

WAM  WAM  WAM  WAM  WAM  WAM 
P28939-003  P5504-00i  P28939-002P28939-002P27960-01 1 P27960-01 1 


Standard  length 

Body  depth 

Body  width 

Head  length 

Snout  length 

Eye  diameter 

Interorbital  width 

Upper  jaw  length 

Barbel  length 

Caudal  peduncle  depth 

Caudal  peduncle  length 

Snout  to  origin  of  first  dorsal  fin 

Snout  to  origin  of  anal  fin 

Base  of  first  dorsal  fin 

Base  of  second  dorsal  fin 

Base  of  anal  fin 

First  dorsal  spine  length 

Longest  dorsal  spine 

Longest  dorsal  ray 

Longest  anal  ray 

Caudal  fin  length 

Pectoral  fin  length 

Pelvic  fin  length 


17.0 

138.0 

121.0 

38.0 

44.0 

41.0 

17.0 

24.0 

19.0 

36.0 

46.0 

39.0 

16.0 

23.0 

20.0 

9.3 

1 1.0 

9.0 

9.0 

1 1.0 

8.9 

14.0 

17.0 

15.0 

28.0 

34.0 

30.0 

13.0 

17.0 

15.0 

30.0 

34.0 

32.0 

45.0 

54.0 

46.0 

73.0 

85.0 

75.0 

21.0 

31.0 

22.0 

21.0 

27.0 

25.0 

17.0 

21.0 

18.0 

5.5 

* 

* 

27.0 

30.0 

28.0 

16.0 

* 

17.0 

13.0 

* 

♦ 

33.0 

* 

33.0 

27.0 

* 

29.0 

28.0 

30.0 

33.0 

102.0 

99.0 

85.0 

31.0 

32.0 

28.0 

15.0 

15.0 

14.0 

34.0 

32.0 

28.0 

16.0 

15.0 

13.0 

8.4 

8.1 

7.1 

7.7 

6.9 

6.0 

12.0 

1 1.0 

9.7 

24.0 

22.0 

21.0 

12.0 

12.0 

9.8 

26.0 

24.0 

21.0 

39.0 

39.0 

33.0 

67.0 

62.0 

* 

20.0 

18.0 

19.0 

18.0 

20.0 

16.0 

13.0 

14.0 

12.0 

* 

* 

* 

22.0 

22.0 

18.0 

13.0 

13.0 

13.0 

12.0 

12.0 

1 1.0 

28.0 

23.0 

23.0 

24.0 

24.0 

21.0 

26.0 

24.0 

21.0 

* Measurement  not  taken  because  of  damage 

Distribution 

Upeneichthys  stotti  is  known  only  from  south-western  Australia,  from  Albany 
(35'»05'S  1 17'»52'E)  to  Shark  Bay  (25<»25'S  1 13‘»35T). 

Remarks 

Upeneichthys  stotti  usually  inhabits  offshore  areas  at  depths  between  30  and  60  m.  It 
has  been  sighted  only  once  underwater  by  the  author,  when  two  individuals  were  found 
off  Kalbarri  at  a depth  of  about  16  m.  They  were  photographed  (Figure  1)  and 
subseqently  collected. 

Specimens  of  this  species  were  tirst  reported  by  Mees  ( 1964)  as  northern  examples  of 
Upeneichthys  porosus  (=  U.  lineatus  vlamingii,  see  Relationships  below).  At  the  time 
Mees  was  unaware  that  his  material  represented  an  undescribed  form.  Subsequently, 
additional  specimens  were  collected  by  bottom  trawl  and  also  misidentified  as  U. 
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porosus.  It  was  not  until  the  above-mentioned  specimens  from  ICalbarri  were  collected 
by  the  author  that  the  uniqueness  of  the  species  was  discovered. 

This  species  is  named  stotti  in  recognition  of  the  assistance  given  by  Mr  Chris  Stott 
who,  while  an  honorary  field  assistant  with  the  Western  Australian  Museum,  was 
involved  in  the  collection  of  two  paratypes. 

Relationships 

A summary  of  the  main  differences  between  the  species  of  Upeneichthys  is  presented 
in  Table  2.  Upeneichthys  lineatus  is  separated  into  three  allopatric  subspecies  on  the 
assumption  that  the  differences  between  the  three,  as  described  below,  do  not  warrant 
recognition  at  the  specific  level.  Furthermore,  the  geographical  allocation  of  these 
subspecies  is  discussed  below  in  the  section  on  type  localities, 

Upeneichthys  stotti  differs  from  U.  lineatus  as  indicated  in  the  Diagnosis  above.  The 
most  noticeable  differences  are  in  the  head  coloration  (compare  Figures  1 and  2)  and 
maximum  size.  The  three  subspecies  of  U.  lineatus  are  very  similar  to  each  other  in 
general  appearance,  but  differ  in  the  depth  of  the  body,  the  shape  of  the  head,  structure 
of  the  lateral  line  scales,  and  coloration.  Upeneichthys  lineatus  lineatus  is  best 
distinguished  by  its  slightly  deeper  body  (2, 8-3.0  in  head  length  versus  2. 9-3. 3 for  U. 
lineatus  vlamingii  and  3. 1-3.3  for  U.  lineatus  porosus)  generally  steeper  snout  profile 

(Figure  3).  In  addition,  the  dark  longitudinal  stripe  on  the  body  of  U.  lineatus  lineatus  is 
generally  less  distinct,  at  least  in  the  adult,  than  in  the  other  two  (Figure  2),  although 
examples  of  all  forms,  especially  those  from  deeper  waters,  may  occasionally  lack  any 
trace  of  a dark  stripe.  Both  U.  lineatus  vlamingii  and  U.  lineatus  porosus  have  similarly 
shaped  heads  (Figure  3),  even  though  there  is  considerable  variation  in  the  snout  length 
for  each  form,  but  they  are  easily  separated,  at  least  in  the  adult  stage,  by  the  more  highly 
branched  pattern  of  tubules  of  the  lateral  line  scales  in  the  latter,  the  pattern  becoming 
more  complex  with  increasing  SL  ( Figure  4).  In  addition,  the  blue  lines  on  the  head  of  U. 
lineatus  porosus  to  be  slightly  wider  than  in  both  other  forms  (see  Doak  1972,  PI. 

17).  Specimens  of  both  U.  lineatus  vlamingii  and  U.  lineatus  porosus  develop  long 
posterior  rays  in  the  second  dorsal  and  anal  fins  at  sizes  over  200  mm  SL.  However,  in 
the  largest  available  specimen  of  U.  lineatus  lineatus mm  SL),  evidence  could  not  be 
found  to  indicate  that  a similar  development  might  occur  in  larger  individuals  of  this 
form. 

Upeneichthys  lineatus  lineatus  occurs  in  New  South  Wales  and  Southern  Queensland. 
Upeneichthys  lineatus  vlamingii  inhabits  Victoria,  Tasmania,  and  southern  Western 
Australia,  but  on  the  basis  of  one  specimen  and  several  underwater  transparencies,  it 
may  occasionally  extend  its  range  into  southern  New  South  Wales  waters  to  Bermagui 
(36<^25'S  I50^*04'E).  Upeneichthys  lineatus  porosus  is  found  in  New  Zealand,  although 
one  specimen  from  Norfolk  Island  (Q  M 1. 1 3432)  is  tentatively  identified  with  this  form. 


Comments  on  the  type  localities  of  the  nominal  species  of  Upeneichthys  lineatus 

The  type  locality  of  Mullus  surmuletus  var.  lineatus  was  given  by  Bloch  and  Schneider 
( 1801)  as  New  Holland  (=  Australia).  The  description  appears  to  have  been  based  on  an 
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Table  2 A comparison  of  the  species  of  (ypcA?W(:7///;i\s(only  specimens  between  80and  200  mm  SL  were 
used  for  the  proportions  section  of  this  table) 


Character 

U.  stotti 

V.  lineatus 
linearus 

U.  lineatus 
vlamingii 

U.  lineatus 

porosus 

Dorsal  fin  count 

V11L9 

VIIL9 

V1I1,9 

V11L9 

Anal  fin  count 

1,6-7 

1.7 

1.7 

1.7 

Pectoral  fin  count 

14-16 

15 

14-16 

15-16 

Ventral  fin  count 

L5 

1,5 

1,5 

1.5 

Caudal  fin  count 

15 

15 

15 

15-16 

Lateral  line  count 

26-28 

27-28 

26-28 

26-28 

Predorsal  scale  count 

1 1-13 

I 1 

1 1-12 

1 1-12 

Gill  raker  count 

6+7 

5-6+16-18 

6+16-17 

6+18-19 

Vertebral  count 

tO+14 

10+14 

10+14 

10+14 

In  SL 

Body  depth 

2.9-3. 3 

2. 8-3.0 

2.9-3. 3 

3. 1-3.3 

Body  width 

5. 8-6.9 

5. 7-6.9 

6.0-7. 2 

6.4-6.8 

Head  length 

3. 0-3. 3 

3.0-3. 2 

2. 9-3. 2 

2.8-3. 1 

In  head  length 

Snout  length 

2.0-2. 3 

2.0-2. 4 

1.9-2. 5 

2.0-2.4 

Eye  diameter 

3. 5-3.4 

3. 6-4.2 

3. 7-4.8 

3. 8-5.2 

Inlerorbital  width 

4.0-4.7 

4.2-4.9 

4.3-5. 3 

4.8-5. 3 

Barbel  length 

1.3-1. 5 

1. 1-1.3 

1. 2-1.4 

1.2-1. 5 

Caudal  peduncle  depth 

2.6-2. 9 

2.4-2.9 

2. 5-3.0 

2.7-3. 1 

Caudal  peduncle  length 

1. 2-1.4 

1.2-1. 4 

1.3-1. 5 

1.3-1. 5 

Upper  jaw  length 

2. 6-2.9 

2.4-2. 9 

2.5-2.9 

2.6-2. 9 

Longest  dorsal  spine 

1.3-1. 6 

1.2-1. 5 

1.3-1. 7 

1.4-1. 7 

Longest  dorsal  ray 

2.2-2.6 

1. 9-2.2 

1. 5-2.3 

2. 0-2. 4 

Longest  anal  ray 

2.5-2. 8 

2.2-2.6 

2. 0-2.4 

2. 4-2.5 

Pectoral  fin  length 

1.3-1. 4 

1. 1-1.3 

1.3-1. 4 

1.2-1. 3 

Ventral  fin  length 

I. 2-1. 5 

1.2-1. 3 

i.2-1.4 

1.3-1. 4 

Caudal  fin  length 

I. 2-1. 4 

1.2-1. 4 

1.3- 1.6 

1. 3-1. 6 

First  dorsal  base 

0.9-1. 5 

1.6-1. 9 

I. 5-1. 9 

1.7-2. 1 

Second  dorsal  base 

I. 6-1. 9 

1.6-1. 8 

1.5-1. 7 

1. 7-1.9 

Anal  base 

2. 1-2.6 

2.0-2.3 

1.9-2. 3 

2, 1-2.4 

Number  and  size  range  in  mm  SL 

30:85-138 

13:87-188 

38:83-184 

3:88-193 

Maximum  size  examined  in  mm  SL 

138 

188 

242 

280 

Direction  of  stripes  on  snout 

Horizontal 

Oblique 

Oblique 

Oblique 

Dark  stripe  on  side  of  body 

No 

Often  faint 

Yes 

Yes 

Branched  scale  tubules 

A few 

A few 

A few 

Manv 

Snout  profile  steep 

Yes 

Yes 

No 

No 

illustration  sent  to  Bloch  by  the  artist/ naturalist  John  Latham  (see  Ben-Tuvia  1986). 
However,  efforts  to  trace  the  origin  of  this  illustration  by  the  present  author  have  been 
unsuccessful.  Hindwood  ( 1970)  believed  that  the  illustration  of  a mullid  in  the  ''Watling'’ 
drawings  (No.  308)  may  have  been  copied  by  Latham  and  sent  to  Bloch.  However, 
examination  of  a colour  transparency  of  the  Watling  illustration,  kindly  made  available 
by  Dr  P.J.  Whitehead  (BMNH),  shows  many  inconsistencies  in  body  form  and 
coloration  when  compared  with  the  type  illustration  in  Bloch  and  Schneider.  The  latter 
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Figure  3 Diagrams  of  the  head  (lateral  view)  showing  the  different  snout  profiles  of  a.  Vpeneichihxs 
lineatus  lineatus,  188  mm  SL;  b.  Upeneichthys  lineatus  vlamingii.  184  mm  SL;  and  c. 
IJpeneichthys  lineaius  porosus,  193  mm  SL. 


Figure  4 Diagrams  ot  the  eighth  lateral  line  sensory  scale  showing  branching  of  the  tubules  of  a. 

Upeneichthys  lineaius  lineatus,  188  mm  SL;  b.  Upeneichthys  lineatus  vlamingii,  184  mm  SL;  c. 
Upeneichthys  lineatus  porosus,  193  mm  SL;  d.  Upeneichthys  lineatus  vlamingii,  242  mm  SL; 
and  e.  Upeneichthys  lineatus  porosus,  245  mm  SL  (posterior  border  of  the  scale  facing  the  right 
hand  side  of  the  page,  sensory  pores  indicated  by  circles,  and  the  vertical  line  representing  10 
mm). 
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shows  a more  slender  fish  than  that  of  Watling,  with  much  longer-based  second  dorsal 
and  anal  fins,  and  oblique  blue  lines  on  the  head  (the  Watling  drawing  lacks  any  blue 
lines).  This  indicates  that  Bloch  must  have  had  access  to  a different  illustration  by 
Latham.  Nevertheless,  the  type  illustration  of  lineatus  is  clearly  based  on  a specimen  of 
the  common  Upeneichthvs  of  southern  Australia.  In  addition  to  possessing  three  oblique 
blue  lines  on  the  side  of  the  snout,  the  maxilla  is  hidden  beneath  the  preorbital  bones,  a 
character  combination  which  distinguishes  U.  lineatus  from  all  other  mullids. 
Furthermore,  I believe,  as  did  Whitley  (1935),  that  the  individual  represented  in  the 
illustration  of  Latham  was  most  likely  collected  in  the  Sydney  area  duringthe  first  years 
of  the  settlement.  There  are  three  reasons  for  this.  Firstly,  the  type  locality  of  lineatus  is 
given  as ‘‘New  Holland".  This  rules  out  the  possibility  that  Latham  copied  the  illustration 
by  Parkinson,  who  sailed  with  Captain  Cook,  of  a New  Zealand  mullid  which  is  the 
earliest  known  rendition  of  a member  of  Upeneichthvs  (this  specimen  was  the  basis  for 
the  unpublished  description  of  Labrus  calophthalmus  by  Solander,  see  below). 
Secondly,  many  of  the  specimen  illustrations  of  animals  collected  in  the  Sydney  area  by 
naturalists  of  the  first  fleet  were  examined  and  probably  copied  by  Latham  ( Hindwood 
1970).  Thirdly,  there  were  few  scientific  collections  and/or  illustrations  from  other  parts 
of  Australia  available  to  Latham  at  this  time  (late  1 700's)  (see  Whitley  1964).  Therefore, 
in  the  absence  of  evidence  to  the  contrary,  the  area  of  Sydney  is  considered  to  be  the  type 
locality  of  Upeneichthvs  lineatus  lineatus. 

Upeneus  vlamingii  Cuvier  ( 1829)  was  described  without  any  mention  of  a collection 
locality.  However,  contrary  to  Whitley  (1935)  who  believed  it  to  be  an  Indonesian 
species,  Ben-Tuvia  (1986)  showed  that  the  two  syntypes  were  collected  in  King  George 
Sound.  In  addition,  Cuvier’s  illustration  of  one  syntype  is  an  accurate  rendition  of  the 
south  coast  form  of  Upeneichthvs  lineatus.  Therefore  King  George  Sound  is  the  type 
locality  of  Upeneichth  vs  lineatus  vlamingii. 

The  description  of  Upeneus porosus  Cuvier  ( 1 829)  was  based  on  a specimen  collected 
from  the  Bay  of  Islands  area  of  New  Zealand  (Whitley  1 968),  which  is  therefore  the  type 
locality  of  Upeneichth  vs  lineatus  porosus. 

Labrus  calophthalmus  was  first  described  in  an  unpublished  manuscript  entitled 
“Pisces  Australiae"  by  Solander  from  a specimen  collected  in  Queen  Charlotte’s  Sound, 
New  Zealand,  by  Captain  Cook,  and  partially  illustrated  by  Parkinson  (see  Richardson 
1842).  It  was  subsequently  listed  by  Richardson  ( 1842,  1 843)  as  a junior  synonym  of 
Cuvier’s  Upeneus  vlamingii.  However  , there  is  little  doubt  that  it  is  the  same  species 
described  as  Upeneus  porosus  by  Cuvier. 

The  description  of  Upeneoicies  rubriniger  by  De  Vis  (1885)  was  made  from  a specimen 
in  the  Queensland  Museum,  but  no  locality  was  given.  The  holotype  was  subsequently 
entered  into  the  Museum’s  register  in  1918  with  a collection  locality  of  the  Tully  River 
(18^'OLS  I46”02'E).  However,  as  the  specimen  was  part  of  an  old  collection,  the 
possibility  that  an  error  was  made  cannot  be  ruled  out  (R.J.  McKay,  pers.  comm.). 
Examination  of  the  holotype  during  the  present  study  revealed  that  it  is  typical  of  the 
southern  Australian  form  Upeneichthvs  lineatus  vlamingii.  In  addition,  another  old 
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specimen  at  the  Queensland  Museum  with  a collection  locality  of  Port  Jackson  is  also  an 
example  of  the  latter  form,  and  its  data  may  also  be  suspect. 

Atahua  clarki  was  described  by  Phillipps  (1941)  from  a New  Zealand  specimen, 
Whitley  ( 1968)  considered  it  to  be  a junior  synonym  of  Cuvier’s  Upeneus  porosus,  and  I 
concur  with  this  finding. 

Additional  material  examined 

Upeneichthys  lineaius  lineatus  (all  from  New  South  Wales  unless  otherwise  stated):  AMS  1. 12413-001, 
188  mm  SL,  Narrabeen.  April  1912;  AMS  1.15535-004,  2 specimens,  119-123  mm  SL,  off  Brisbane, 
Queensland,  28  July  1968;  AMS  1.16879-006,  15  specimens,  90-1 32  mm  SL,  Jervis  Bay,  22  September  1971; 
AMS  LI70I9-014.  2 specimens,  87-104  mm  SL,  27  March  1973;  A MS  1. 1 7326-004,"  18 1 mm  SL,  Sydney 
Harbour,  29  August  1971. 

Vpeneichihys  lineatus  v/aw/'/jg-// (all  from  Western  Australia  unless  otherwise  slated);  AMS  IB.8200-001. 
242  mm  SL.  Eden,  New  South  Wales,  9 June  1968;  AMS  1.20090-009,  104  mm  SL,  Flinders  Island. 
Tasmania.  4 January  1978;  AMS  1,20180-038.  137  mm  SL.  Kangaroo  Island,  South  Australia,  9 March 
1978;  AMS  1.20194-028.  14  specimens,  61-1 21  mm  SL.  Investigator  Strait.  South  Australia,  14  March  1978; 
AMS  L2I323-00I.  182  mm  SL,  Furneaux  Group,  Tasmania,  14  October  1979;  NMV  A2527,  8 specimens. 
33-109  mm  SL.  Leonard  Bay,  Victoria.  20  February  1982;  NMV  A2715.  30  specimens,  33-131  mm  SL, 
Wilsons  Promontory,  Victoria.  10  February  1982;  NMV  A364L  1 1 specimens,  128-168  mmSL.  Port  Phillip 
Bay,  Victoria,  10  January  1982;  QM  1.3092,  holotype  of  Upeneoides  ruhrmiger.  147  mm  SL,  Tully  River, 
Queensland  (?);  QM  1.9777.  214  mm  SL.  Port  Jackson.  New  South  Wales  (7);  W AM  P.4 185-001.  168  mm 
SL.  Lancelin;  WAM  P,5478-00L  179  mm  SL.  Esperance,  November  I960;  W'AM  P.5683-001,  167  mmSL. 
King  George  Sound,  12  June  1959:  W A M P.5723-00 1 , 99  mm  SL.  Frenchman  Bay,  2 August  1959;  WAM 
P.5731  001.  172  mm  SL.  Rottncsi  Island,  25  October  1961;  WAM  P.20191  001.  218  mm  SL,  Albany,  13 
November  1971;  WAM  P.20884-00!.  137  mm  SL,  Roltnesl  Island,  7 February  1972;  WAM  P.22146-00L 
118  mm  SL,  Cockburn  Sound.  25  September  1972;  WAM  P.24987-001.  180  mm  SL,  Cockburn  Sound, 
August  1974;  WAM  P.25344-005,  103  mm  SL.  Cockburn  Sound,  27  June  1975;  WAM  P.25346-005.67  mm 
SL,  off  Fremantle,  30  June  1975;  WAM  P.25730-003.  145  mm  SL.  Rottnest  Island,  21  February  1977; 
WAM  P.25761-008.  54  mm  SL,  Rottnest  Island.  II  March  1977;  WAM  P.26891-001.  184  mm  SL,  off 
Ocean  Reef.  20  July  1980;  WAM  P.27 1 30-0 11,4  specimens,  34-48  mmSL,  Apollo  Bay,  Victoria,  1 2 March 
1981;  WAM  P.27219-036,  103  mm  SL,  Houtman  Abrolhos,  22  November  1980;  WAM  P.27569-003,  5 
specimens,  33-49  mm  SL.  Rocky  Cape,  Tasmania,  9 March  1982;  WAM  P.28615-003,  2 specimens,  83-147 
mm  SL.  King  George  Sound.  5 March  1986;  WAM  P.28939-001,  108  mm  SL,  Rottnest  Island,  18  October 
1965;  WAM  P.28947-00!.  205  mm  SL.  Flinders  Island.  Tasmania,  1910:  WAM  P.30010-001,  176  mmSL. 
Fremantle.  12  July  1970. 

Upeneichthys  lineatus  porosits{ai.\\ivoxx\  New  Zealand  unless  otherwise  stated);  AMS  IB. 3499-001,  Bayof 
Islands,  no  other  data;  NMNZ  P.14363,  67  mm  SL.  Waikato  Bay.  19  August  1983;  NMNZ  P.21612,  280 
mmSL,  Gannet  Rock,  2 December  1987;  NMNZ  P.2 1769,  88  mm  SL,  between  Jackson  and  Fantail  Bays,  8 
December  1987;  NMNZ  P.22180.  193  mm  SL.  off  Waiaka.  2 March  1988;  N MNZ  P.22969,  l25mmSL,off 
Waiaka,  2 March  1988;  QM  1.13432,  173  mm  SL,  off  Norfolk  Island.  18  January  1976. 
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Australites  from  Edjudina  Station,  Western  Australia 

W.H.  Cleverly* 

Abstract 

Collections  of  australites  from  Edjudina  Station  totalling  1883  specimens  have  been  classified 
morphologically.  The  classifiable  percentage  is  53.5%  compared  with  49.8%  for  australites 
found  on  Hampton  Hill  Station  100  km  to  the  south.  The  low  proportion  of  cores  to  lens  forms 
(0.49)  conforms  with  the  relatively  low  mean  weight  of  whole  australites  (2.40  g).  The 
frequency  diagram  of  specific  gravity  is  unimoda!  in  the  2.45  - 2.46  interval  and  shows  no  values 
above  2.47,  suggesting  that  the  australites  belong  to  the  “normal  australite”  chemical  type. 


Introduction 

The  homestead  of  Edjudina  Station  is  134  km  north-east  of  Kalgoorlie,  Western 
Australia  at  29M9'S.,  122'^*2TE.  (Figure  1).  The  station  is  in  the  semi-arid  interior  of  the 
State,  a region  of  low  relief.  Drainage  is  internal  to  salt  lakes,  which  are  usually  dry.  The 
larger  lakes  are  narrow  and  elongate,  occupying  the  partially  choked  and  modified 
remnants  of  old  river  valleys  dating  from  a time  of  more  humid  climate.  Many  of  the 
australites  found  in  the  region  lie  on  the  surface  of  the  ground  or  partially  embedded  in 
soil  or  surficial  deposits.  Others  have  been  moved  towards  or  into  the  lake  basins  by  soil 
creep  and  ephemeral  rain-wash  streams.  They  are  found  in  the  dry  beds  of  the  streams, 
on  their  alluvial  fans  or  along  the  margins  of  the  lakes.  Very  occasionally  — at  intervals 
of  some  tens  of  years  rains  are  sufficient  for  lakes  to  fill,  overflow  and  link  up, 
re-creating  parts  of  the  old  river  system.  Water  currents  can  be  fast  enough  to  move 
australites  ''downstream’’. 

Australites  are  common  in  the  general  vicinity  of  Edjudina  Station.  Each  of  the 
adjoining  or  nearby  pastoral  stations  — Yundamindra,  Mount  Remarkable,  Yerilla, 
Menangina,  Gindalbie  and  Pinjin  (Figure  I)  is  represented  in  collections  by  one 
hundred  to  several  hundred  australite  specimens  and  the  region  has  also  yielded  an 
unknown  but  certainly  large  number  to  dealers  and  lapidaries. 

Excluding  7 spurious  specimens,  1883  australites  from  Edjudina  Station  were 
examined  in  the  present  study.  The  following  collections  were  represented:  South 
Australian  Museum  (22),  Western  Australian  Museum  (275),  Western  Australian 
School  of  Mines  (162),  J.L.C.  Jones  private  collection  (1424).  Small  numbers  of 
australites  in  the  private  collections  of  P.J.  Simmonds  and  I.R.  Williams  were  seen  but 
not  included  in  the  sample  to  be  considered. 

With  the  exception  of  six  specimens  from  the  northern  end  of  Lake  Rebecca  and  three 
from  Porphyry  (Figure  1),  no  specific  locations  are  known  for  the  australites,  an 
unsatisfactory  feature  of  all  the  collections.  Tw'o  of  the  most  likely  sources  are  the  known 
areas  of  abundance  represented  by  the  two  small  located  groups  — Lake  Rebecca  to  the 


*Western  Australian  School  of  Mines.  P.O.  Box  597.  Kalgoorlie,  Western  Australia  6430. 
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south-west  of  Edjudina  H,S.  and  an  area  immediately  east  of  the  small  gold-mining 
centre  of  Porphyry.  A third  likely  source  is  the  narrow  and  highly  elongated  (250  km) 
Lake  Raeside.  Australites  found  in  this  lake  east  of  Edjudina  H.S.  are  present  in  the  PJ. 
Simmonds  collection.  The  lake  occasionally  drains  to  the  south-east  with  Lake  Rebecca 
as  a tributory.  Australites  have  been  found  in  some  abundance  in  or  near  the  lake 
‘'upstream",  for  example  in  the  Mount  Remarkable  — Yerilla  area  (nearly  3000  known 
to  have  been  collected)  and  near  Gwalia  (about  250  in  various  collections). 


Figure  1 Map  of  country  north-east  of  Kalgoorlie,  Western  Australia,  showing  boundary  of  Edjudina 
Station  (firm  line),  head  stations  (H.S.)  of  some  adjoining  and  nearby  pastoral  properties,  and 
relevant  parts  of  Lakes  Raeside  and  Rebecca. 
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Morphology 

The  classification  of  the  1883  australites  from  Edjudina  Station  studied  in  this  work 
(Table  1)  follows  the  system  of  Cleverly  (1986).  Extracts  from  Table  1 are  compared  in 
Table  2 with  the  figures  for  Hampton  Hill  Station,  about  100  km  to  the  south. 

The  classifiable  percentages  of  australites  (item  3,  Table  2)  are  53.5%  for  the  sample 
from  Edjudina  Station  and  49.8%  for  that  from  Hampton  Hill  Station.  These  figures 
suggest  that  weathering  and  erosion  processes  have  been  rather  less  severe  at  Edjudina 
Station. 

The  percentages  of  the  plan  view  shapes,  adjusted  according  to  the  method  of  Cleverly 
(1986:  88),  are  set  out  for  samples  found  on  Edjudina  and  Hampton  Hill  Stations  in 
items  6-12  of  Table  2.  The  percentages  do  not  differ  greatly  between  the  two  samples 
provided  that  the  total  percentages  of  round  and  broad  oval  shapes  (item  8,  Table  2)  are 


Table  1 Shape  classification  and  weights  of  australites  from  Edjudina  Station,  Western  Australia. 


Numbers  of  specimens 

Whole  Broken  Total 

Weights  of  whole  specimens  (g) 
Lightest  Heaviest  Mean 

Button 



1 

1 



- 

Round  Bowl 

i 

1 

2 

0.54 

— 

Round  indicator  I 

12 

1 

i3 

0.38 

4.04 

2.22 

Lens 

354 

73 

427 

0.23 

3.48 

1.20 

Round  indicator  II 

4 

— 

4 

0.85 

3.89 

2.25 

Round  core 

101 

19 

120 

1.13 

16.73 

4.72 

Broad  oval  lens 

32 

5 

37 

0.42 

3.39 

1.52 

Broad  oval  indicator  11 

Broad  oval  core 

1 

19 

1 

1 

20 

2.21 

2.48 

19.96 

5.69 

Narrow  oval  canoe 

— 

1 

1 

— 

— 

Narrow  oval  lens 

44 

21 

65 

0.37 

8.57 

2.05 

Narrow  ova!  indicator  11 

1 

- 

1 

1.62 

Narrow  oval  core 

19 

3 

22 

1.40 

10.22 

4.15 

Boat-lens 

23 

8 

3i 

0.69 

6.05 

1.92 

Boat-indicator  11 

2 

2 

4.62 

5.59 

5.10 

Boat-core 

7 

7 

3.04 

12.92 

7.87 

Dumbbell-lens 

28 

28 

56 

0.58 

5.59 

2.19 

Dumbbell-indicator  II 

2 

2 

— 

— 

Dumbbell-core 

7 

4 

11 

3.33 

16.25 

6.36 

Teardrop-lens 

17 

— 

17 

0.30 

4.17 

1.66 

Teardrop-core 

3 

I 

4 

2.32 

13.40 

6.27 

Conical  core 

122 

6 

128 

0.67 

14.41 

2.93 

Aberrant  forms 

27 

8 

35 

0.66 

5.24 

3.26 

824 

183 

1007 

Overall  mean;  2.40  g 

Unclassifiable,  mostly  fragments  ^09 

Flakes  and  flaked  cores* 
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used  in  the  comparison,  personal  judgement  being  involved  in  distinguishing  between 
those  two  shapes. 

The  percentages  of  australites  which  have  reached  the  stable  core  form  or  relatively 
stable  lens  form  (totals  of  items  1 5 and  17,  Table  2)  are  rather  similar  — 97.2%  for  the 
Edjudina  sample,  98.6%  for  that  from  Hampton  Hill.  However,  the  core/ lens-forms 
ratios  are  quite  different  — 0.49  and  0.84  respectively.  In  general,  australite  primary 
bodies  up  to  30  or  35  mm  thick  are  ‘lens-forming”  and  thicker  bodies  are  "core-forming” 
(Cleverly  1 988:  44),  The  core/  lens-forms  ratio  therefore  suggest  that  the  mean  weight  of 
whole  australites  in  the  Edjudina  sample  will  be  relatively  small. 

The  mean  weights  are  2.40  g and  3.08  g respectively  for  australites  from  Edjudina  and 
Hampton  Hill  Stations  (item  20,  Table  2).  Australites  found  on  Edjudina  Station  are 
generally  small.  The  only  specimen  known  to  weigh  more  than  20  g is  a round  core  from 
near  the  Out  Station  c.  30  km  north-west  of  Edjudina  H.S.  weighing  92.6  g (collection  of 
I.R.  Williams). 


Table  2 Comparison  between  morphological  features  and  mean  weights  of  australites  from  I. 
Edjudina  Station  (this  paper)  and  2.  Hampton  Hill  Station  (Cleverly  1986). 


1. 

Complete  forms  or  essentially  so  % 

43.8 

36.5 

2. 

Incomplete  but  classifiable  % 

9.7 

13.3 

3. 

Total  classifiable  % 

53.5 

49.8 

4. 

Unclassifiable,  mostly  fragments  % 

43.0 

49.1 

5. 

Flakes  and  flaked  cores  % 

3.5 

1.1 

6. 

Round  forms  % 

70.3 

66.0 

7. 

Broad  oval  forms  % 

7.2 

9.8 

8. 

Total  round  and  broad  oval  forms  % 

77.5 

75.8 

9. 

Narrow  oval  forms  % 

9.2 

8.1 

10. 

Boat  forms  % 

4.1 

4.5 

11. 

Dumbbell  forms  % 

7.1 

8.4 

12. 

Teardop  forms  % 

2.1 

3.2 

13. 

Flanged,  disc  and  plate,  bowl  and  canoe  forms  % 

0.4 

0.6 

14. 

Indicators  1 % 

1.4 

0.6 

15. 

Lens  forms  % 

65.1 

53.6 

16. 

Indicators  II  % 

1.0 

0.2 

17. 

Cores  including  conical  % 

32.1 

45.0 

18. 

Cores  lens-forms 

0.49 

0.84 

19. 

Number  of  whole  australites 

824 

7993 

20. 

Mean  weight  of  whole  australites  (g) 

2.40 

3.08 

21. 

Total  number  of  specimens 

1883 

21  927 

22. 

Mean  weight  of  all  specimens  (g) 

1.94 

1.99 

Specific  gravity 

A frequency  diagram  of  specific  gravity  for  70  australites  from  Edjudina  Station  (Figure 
2)  resembles  that  for  59  australites  from  Gindalbie  and  Broad  Arrow  (Chapman  et  ai 
1964,  Figure  3).  The  samples  have  much  the  same  range  of  values  with  similar  modes  and 
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no  values  exceeding  2.47.  These  results  suggest  that  the  Edjudina  australites  belong  to 
the  same  widespread  “normal  australite”  chemical  type  (Chapman  1971)  as  those  of 
Gindalbie  and  Broad  Arrow  which  are  located  about  80  km  and  120  km  respectively  to 
the  south-west  of  Edjudina  H.S.  (Figure  1). 


Figure  2 Frequency  diagrams  of  specific  gravity.  Open  circles:  sample  of  70  australites  from  Edjudina 
Station.  Filled  circles:  sample  of  59  australites  from  Gindalbie  and  Broad  Arrow  redrawn  from 
Chapman  et  al.  ( 1964  Figure  3). 


Individual  specimens 

Thirteen  aberrant  specimens  have  been  described  previously  by  Cleverly  (1982).  The 
additional  specimen  shown  in  Figure  3.0  is  one  of  a limited  variety  of  very  rare  forms 
having  unexplained  shallow  concavities  or  grooves  at  the  ends.  If  the  flight  orientation 
has  been  shown  correctly  in  the  Figure,  the  shallow  grooves  are  parallel  to  the  line  of 
flight.  Most  other  aberrant  specimens  from  Edjudina  Station  are  abraded  examples  of 
the  square-ended,  canoe-like  and  seed  forms  described  by  Cleverly  (1982). 

The  boat-indicator  II  (Figure  3P)  has  lost  not  only  the  stress  shell  from  the  anterior 
surface  but  also  an  outer  shell  extending  up  over  the  posterior  surface.  It  now  consists  of 
a central  rod  and  an  isolated  remnant  of  outer  shell  on  one  end  only.  Further  rare 
examples  of  australites  with  this  kind  of  spalling  have  been  noted  from  Menangina  and 
Earaheedy  Stations  (Figures  3V  and  3W)  and  from  the  vicinity  of  Kambalda  West. 
These  australites  may  show  close  checking  of  the  remaining  outer  surface  while  spalled 
areas  are  peculiarly  scalloped.  An  australite  “pebble"  spalling  spheroidally  is  also  known 
from  Earaheedy  Station  (Figure  3X)  and  in  that  case,  at  least,  sudden  heating  in  grass 
fires  was  a possible  cause  of  the  peculiarities. 
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Figure  3 Australites  from  Edjudina  Station  (A  U)  and  elsewhere  in  Western  Australia  (V  — X), 
natural  size  unless  otherwise  stated.  In  elevational  views,  direction  of  flight  is  towards  bottom 
of  page.  A.  Round  indicator  I.  posterior  surface.  B.  Round  indicator  I.  At  left,  as  seen 
obliquely  across  posterior  surface  showing  the  pale  “flange  band”  or  “scar”;  at  right,  anterior 
surface  with  right-handed  helical  flow  ridge,  x 1.5.  C.  Round  indicator  II,  elevation  showing 
incipient  fracture  of  detachment  of  remnant  of  stress  shell  at  upper  right,  x 1.5.  D.  Round  core, 
elevation  showing  angular  "flake  scars"  E.  “Small"  round  core,  elevation.  F.  Broad  oval  lens, 
anterior  surface  with  flow  ridge.  G.  Broad  oval  indicator  11,  side  elevation  with  remnant  of 
stress  shell  at  left,  H.  “Small"  broad  oval  core,  side  elevation  at  left,  end  elevation  at  right.  K. 
Broad  oval  core,  posterior  surface  with  radial  V-grooves.  L.  Boat-lens,  perhaps  derived  from 
canoe,  posterior  surface  above,  side  elevation  below.  M.  Boat-lens,  posterior  surface  w ith  short 
length  of  butt  of  flange  above,  anterior  surface  with  flow  ridge  below.  N.  Piece  of  dumbbell- 
indicator  II,  anterior  view  showing  emergent  core  at  left,  waist  region  with  attached  stress  shell 
at  right.  O.  Aberrant  form,  supposed  posterior  surface  above  with  shallowly  concave  ends, 
supposed  side  elevation  below.  Short  grooves  over  whole  surface,  x 1.5.  P.  Part  of  a boat- 
indicator  II,  posterior  view  above,  anterior  below,  both  showing  spalling  of  surface  except  on 
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one  end.  Q.  Narrow  ova!  form  chipped  at  one  end.  a possible  artifact.  R.  Flaked  core.  S. 
W orked  flake.  T.  Fragment  of  stress  shell,  outer  surface  showing  flow  ridges  and  deeply  etched 
radial  flow  lines,  x 1.5.  U.  Fragment  of  elongated  indicator  II.  V.  Boat-indicator  11  from 
Menangina  Station,  side  elevation  showing  spalling  from  both  posterior  and  anterior  surfaces, 
X 1.25.  W.  Narrow  oval  indicator  H from  Earaheedy  Station,  posterior  view  above,  anterior 
view  below,  both  showing  spalling.  X.  Australite  ‘‘pebble"  from  Earaheedy  Station,  flight 
orientation  indeterminate,  showing  spheroidal  spalling,  x 1.65. 
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A new  genus  and  species  of  goby  from  the  Swan-Avon  Estuary, 
Western  Australia,  with  a redescription  of  the  genus  Favonigobius 

Whitley,  1930 

*H.S.  Gill  and  tP  J-  Miller 


Abstract 

A new  genus  of  gobiid,  Papillogobius,  is  described  from  specimens  collected  in  the  Swan-Avon 
Estuary,  south-western  Australia.  The  genus  Favonigobius  Whitley,  1930,  is  redescribed.  The 
type  species  of  the  two  genera,  Papillogobius  punciatus  sp.  nov.  and  Favonigobius  lateralis 
(Macleay,  1881),  are  described  and  redescribed  respectively.  Favonigobius  exquisitus, 
Favonigobius  melanobranchus  and  Favonigobius  reichei  are  placed  in  the  new  genus  on  the 
basis  of  several  shared  osteological  and  morphological  characters.  The  characters  used  to 
distinguish  the  new  genus  from  allied  genera  are  also  discussed. 


Introduction 

Gobies  (Gobiidae)  are  a ubiquitous  and  abundant  component  of  the  teleost  fauna  of  the 
Swan-Avon  and  Peel-Harvey  Estuaries  of  south-western  Australia  (Chubb  et  al.  1979; 
Potter  et  al.  1983).  During  a study  on  the  distribution,  abundance  and  biology  of  the 
various  species  of  gobies  in  the  Swan-Avon  Estuary  initiated  in  1983,  by  one  of  us 
(HSG),  it  became  apparent  that  the  taxonomy  of  the  various  species  found  in  the  system 
required  attention.  Although  Chubb  et  al.  (1979)  recorded  Favonigobius  lateralis 
(Macleay,  1881)  in  moderately  large  numbers  throughout  the  estuary,  a subsequent 
more  rigorous  quantitative  analysis  by  one  of  us  ( HSG)  showed  that  individuals  assigned 
to  this  species  were  represented  by  two  morphologically  distinct  forms.  One  form  was 
caught  in  very  large  numbers  in  the  lower  estuary  and  to  a lesser  extent  in  the  middle 
estuary,  whereas  the  other  was  found  predominantly  in  the  upper  estuary.  Examination 
of  scale  and  fin  ray  counts  and  coloration  revealed  that  specimens  captured  in  the  upper 
estuary  were  an  undescribed  species  distinct  from  F.  lateralis.  Further  comparisons  of 
the  osteology  and  cephalic  lateral  line  system  of  the  undescribed  species  showed  that  it 
shares  several  characters  with  Favonigobius  exquisitus,  Favonigobius  melanobranchus 
and  Favonigobius  reichei.  However  none  of  these  characters  are  found  in  either  the  other 
members  of  Favonigobius  or  the  closely  related  genus  Acentrogobius. 

Whitley  (1930)  erected  the  genus  Favonigobius  without  description,  merely  referring 
to  the  original  brief  description  of  Gobius  lateralis  Macleay,  1 88 1 when  proposing  this  as 
the  type  species  for  the  new  genus.  For  generic  characteristics  the  reader  was  directed  to 
the  key  to  Australian  gobiids  by  McCulloch  and  Ogilby  (1919).  No  subsequent 
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description  of  the  genus,  based  on  the  type  species,  is  available,  rendering  assignation  to 
the  genus  very  difficult  and  often  questionable. 

This  paper  describes  a new  genus  and  species  of  goby  from  the  Swan-Avon  Estuary 
(Figure  1)  and  redescribes  the  genus  Favonigobius  and  its  type  species  F.  lateralis. 


Figure  1 Location  of  sampling  sites  in  the  Swan-Avon  Estuary,  number  of  Papillogobius  punciatus 
caught  in  parentheses.  Lower  estuary  horizontal  hatching,  middle  estuary  oblique  hatching 
and  upper  estuary  clear,  estuarine  regions  are  those  of  Chalmers  et  at.  ( 1976). 

Sites  as  numbered  are:  I . Stirling  Bridge;  2.  Leeuwin;  3.  CS  R;  4.  Dalkeith;  5.  Burke  Drive;  6. 
Alfred  Cove;  7.  Applecross;  8.  Kwinana  Freeway;  9.  Point  Belcher;  10.  Mount  Henry;  11. 
Shelley;  12.  Kent  Street  Weir;  13.  Joel  Terrace;  14.  Garret  Bridge;  15.  Sandy  Beach;  16. 
Guildford  School. 


Materials  and  Methods 

The  methods  used  for  counts  of  meristic  characters  and  derivation  of  pterygiophore 
formulae  follow  those  of  Akihito  et  ai  (1984).  Vertebral  counts  and  osteological 
examination  were  undertaken  after  clearing  and  staining  the  specimens,  using  the 
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Table  1 Characters  used  to  distinguish  between  Papillogobius,  Favonigobius,  Acentrogobius 
viridipunctatus  and  A.  janthinopterus.  Data  for  the  osteological  characters  of  A. 
viridipunciatus  and  A.  janthinopterus  were  taken  from  Hoese  and  Winterbottom  (1979), 
Murdy  (1983)  and  Hoese  (1983).  Dashed  lines  indicate  character  not  known. 


Character 

Papillogobius 

Favonigobius 

Acentrogobius 

Acentrogobius 

viridipunctatus 

janthinopterus 

Skeleton; 

branchiostegal 

much  broader 

approx,  eq. 

approx,  eq. 

approx,  eq. 

ray  2 

than  3 & 4 

to  3 & 4 

to  3 & 4 

to  3 & 4 

lateral  proc. 

large,  TS 

variable, 

reduced/ 

reduced/ 

of  cleithrum 

T-shaped 

not  T-shaped 

absent 

absent 

symplectic 

well  devel. 

small,  never 

absent 

absent 

process 

to  symp. 

to  symp. 

ectopterygoid 

short 

long 

— 

— 

ventromed.  strut 

no  foot 

small  foot 

— 

— 

of  exoccipital 
hyomandibular 

absent/ 

present 

sheet 

reduced 

Fin  rays: 

D2 

1,8 

1,9 

1,10 

1,10 

A 

1,8 

1,9 

1,9 

1,8 

P 

Scales: 

15-16 

14-17 

18-19 

17 

LL 

26-32 

26-34 

31-38 

30 

TR 

7-7+1 

7-9+1 

10-13 

10 

PD 

0-10 

0-8 

24-34 

17 

operculum 

Cephalic  lateral  line: 

absent 

absent 

present 

present 

row  a 

long 

short 

long 

long 

row  cp 

long 

short 

long 

short 

rows  a,  c 

disorganised 

single 

transverse 

single 

and  cp 

proliferation 

row  e 

variable 

broken 

continuous 

broken 

row  i 

broken 

broken 

continuous 

broken 

rows  e & i 

single 

single 

disorganised 

single 

row  f 

longitudinal 

transverse/ 

longitudinal 

transverse/ 

longitudinal 

longitudinal 

sides 

sides 

row  n 

single 

single 

transverse 

transverse 

proliferation 

proliferation 

rows  oi,  os  & ot 

long 

short 

long 

long 

row  X 

usually  present 

absent 

present 

present 

rows  xl  & x2 

contiguous/ 

separate 

contiguous 

contiguous/ 

small  break 

small  break 

Maximum  SL  (mm): 

<80 

<80 

100-250 

100-250 

method  described  by  Dingerkus  and  Uhler  (1977).  Bones  of  thesuspensorium,  cranium, 
girdles  and  vertebral  column  were  examined  in  detail  after  dissection  and/or 
disarticulation  in  a heated  solution  of  5%  KOH.  Nomenclature  of  the  bones  follows 
Springer  (1968)  and  Birdsong  (1975). 
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Fixation  in  Bouin’s  fixative  for  24  hours  greatly  facilitated  examination  of  the  cephalic 
lateral  line  system.  Description  of  the  cephalic  lateral  line  system,  morphometric 
measurements  and  staining  and  description  of  scales  follow  those  of  Miller  (1969,  1975, 
1984).  Terminology  of  the  cephalic  lateral  line  system  follows  that  of  Miller  (1986) 
modified  from  Sanzo  (191 1). 

Measurements  were  made  to  the  nearest  0. 1 mm  (interorbital  nearest  0.01  mm)  with 
dial  calipers.  Illustrations  were  prepared  with  the  aid  of  a Wild  M8  stereo-microscope 
and  drawing  tube  attachment. 

Comparisons  of  selected  characters  of  some  related  genera  are  presented  in  Table  1. 
The  characters  examined  are  given  in  Tables  2-5  and  Figures  2-10. 

Material  from  the  following  institutions  was  examined:  the  Australian  Museum, 
Sydney  (AMS);  Gulf  Coast  Research  Laboratory  Museum,  Ocean  Springs,  Mississippi 
(GCRL);  Rijksmuseum  van  Natuurlijke  Historic,  Leiden,  The  Netherlands  (RMNH); 
J.B.L.  Smith  Institute  of  Ichthyology,  Grahamstown  (RUSI);  Western  Australian 
Museum,  Perth  (WAM).  Additional  material  from  the  personal  collection  of  one  of  us 
(PJM)  was  also  examined. 


Systematics 

Papillogobius  gen.  nov. 

Type  species 

Papillogobius  punctatus  sp.  nov.  (see  below). 

Diagnosis 

A genus  of  the  subfamily  Gobiinae,  distinguishable  from  related  genera  possesing  a 
iOngitudinal  cephalic  lateral  line  system  by  the  presence  of  a large  second  branchiostegal 
ray  and  a cleithrum  with  a large  lateral  process.  The  genus  also  differs  from  related 
genera  by  the  following  combination  of  characters:  operculum  and  preoperculum 
without  scales  or  spines;  first  spine  of  dorsal  and  anal  fins  not  strengthened;  rows  a,  c and 
cp  of  cephalic  lateral  line  system  multiple  and  disorganised;  rows  b and  d long  and  single; 
row  e single;  row  n single  and  longitudinal;  row  ot  proliferated;  rows  xl  and  x2 
contiguous  or  with  small  break;  row  x usually  present;  dark  bar  from  eye  to  middle  of 
upper  jaw;  caudal  fin  round. 

Description 

Body  moderately  elongate.  Eyes  dorso-lateral;  interorbital  space  about  one  eighth  to 
one  quarter  eye  diameter.  Second  ray  of  first  dorsal  fin  often  greatly  extended  and  free  at 
tip;  first  and  third  rays  occasionally  extended  and  free  at  tips.  Second  dorsal  and  anal  fins 
with  eight  soft  branched  rays.  Caudal  fin  rounded,  usually  shorter  than  head, 
occasionally  longer  in  males.  Caudal  peduncle  deep  in  mature  adults.  Pectoral  fins 
without  free  rays.  Pelvic  disc  complete,  posterior  edge  usually  covering  anus  in  females 
and  genital  papilla  in  males;  anterior  membrane  complete  and  well  developed.  Lateral 
series  with  26-32  ctenoid  scales.  Predorsal  scales  0- 1 0,  ctenoid  and  cycloid  and  of  variable 
size.  Prepelvic  scales  large  and  cycloid.  Belly  scales  small  and  cycloid,  sometimes  absent 
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Figure  2 Cephalic  lateral  line  system  in  Papillogobius punctatus,  female,  41.7  mm  SL,  (A)  lateral  view; 
(B)  dorsal  view;  (C)  ventral  view. 
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(A) 


. 1mm , (F) 

Figure  3 Skeleton  of  female,  32.2  mm  SL,  (A)  suspensorium,  lateral  view;  (B) 

pectoral  girdle,  lateral  view;  (C)  branchiostegal  rays,  lateral  view;  (D)  palatine,  ventral  view;  (E) 
hyomandibular,  lateral  view;  (F)  exoccipital,  dorsal  view;  (G)  quadrate  and  ectopterygoid, 
lateral  view. 

Abbreviations  used  in  Figures  3 and  7:  ART.  articular;  B.  branchiostegal;  CH.  ceratohyal; 
CL.  cleithrum;  COR.  coracoid;  D.  dentary;  DH.  dorsal  hypchyal;  DSI  HYO  & DS2  HYO. 
dorsal  struts  of  hyomandibular;  EH.  epihyal;  EO.  exoccipital;  ETH  PAL.  ethmoid  process  of 
palatine;  HYO.  hyomandibular;  IH.  interhyal;  lOP.  interopercle;  LP  CL.  lateral  process  of 
cleithrum;  MPT.  metapterygoid;  MX.  maxilla;  MX  PAL.  maxillary  process  of  palatine;  OP. 
opercle;  PAL.  palatine;  PMX.  premaxilla;  POP.  preopercle;  PT.  ectopterygoid;  PTM. 
posttemporal;  PTI  PAL  & PT2  PAL.  ectopterygoid  processes  of  palatine;  QU.  quadrate; 
RAD.  radial;  SCA.  scapular  cartilage;  SCL.  supracleithrum;  SOP.  subopercle;  SYM. 
symplectic;  V EO.  ventromedial  strut  of  exoccipital;  VH.  ventral  hypohyal. 
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in  mid-line.  Head,  opercle  and  cheek  naked.  Anterior  nostril  tubular,  without  tentacles; 
posterior  nostril  pore-like,  near  orbit.  Mouth  oblique;  jaws  subequal,  posterior  angle  of 
lower  jaw  between  anterior  edge  of  orbit  and  pupil;  chin  without  barbels  or  transverse 
fold.  Teeth  in  jaws  erect  and  caniniform,  in  several  rows  medially,  outer  row  of  teeth  in 
both  jaws  enlarged;  pharyngeal  teeth  caniniform.  Tongue  truncate  to  slightly  notched. 
Branchiostegal  membrane  attached  to  lateral  margin  of  isthmus  to  about  level  of 
coracoid  bar,  membranes  meeting  between  posterior  quarter  of  eye  and  anterior  quarter 
of  operculum.  Gill  rakers  simple  to  serrate  on  first  arch,  spinulose  on  rest. 

Cephalic  lateral  line  system  with  anterior  and  posterior  oculoscapular  canals  carrying 
pores  a,  k,  w,  a,  /?,  p,  p',  p^,  and  the  preopercular  canal  carrying  pores  x,  (5,  and  € 
(Figure  2).  Cheek  sensory  papillae  in  seven  single  or  multiple  rows;  row  a proliferated 
and  extending  from  pore  a to  row  b;  row  a 1 absent;  row  b extending  from  row  c to  pore 
6 or  just  below  it;  rows  c and  cp  transversely  proliferated  and  disorganised;  row  d 
extending  from  row  c to  distal  quarter  of  cheek;  posterior  extent  of  rows  c,  cp  and  d all 
similar  and  often  reaching  preopercular  canal;  row  i with  break  posterior  to  level  of 
mouth;  row  e with  break  or  continuous;  row  f longitudinal,  proliferated  and 
disorganised;  row  ot  often  proliferated  and  disorganised  and  extending  to  above  level  of 
pore  6 and  often  to  pore  x;  row  oi  extending  from  row  ot  to  edge  of  opercle;  row  os 
extending  from  top  of  row  ot  to  at  least  distal  quarter  of  opercle  and  often  to  opercular 
margin;  rows  x,  xl  and  x2  contiguous  or  with  small  break  between  rows  xl  and  x2 
(specimen  in  Figure  2 with  abraded  / short  row  x)  and  extending  from  pore  a to  above 
.posterior  margin  of  operculum;  rows  q 1 and  q2  single;  row  n short  and  longitudinal;  row 
si  a single  papilla,  rarely  two  or  three;  row  s2  short  single  row. 

Skeleton  possesses  characters  diagnostic  of  the  subfamily  Gobiinae  as  described  by 
Miller  (1973)  (Figure  3).  Ventromedial  strut  of  exoccipital  (V  EO)  without  expanded 
foot.  Metapterygoid  (MPT)  and  symplectic  (SYM)  fused;  tip  of  metapterygoid 
overlaping  quadrate  (QU).  Symplectic  cartilage  bound  to  hyomandibular  (HYO)  and 
preopercle  (POP).  Sheet  of  bone  between  dorsal  struts  of  hyomandibular  greatly 
reduced  or  absent.  Head  of  palatine  bearing  additional,  posteriorly  projecting  strut  ( PT2 
PAL).  Ectopterygoid  (PT)  broad  and  short,  reaching  halfway  to  head  of  palatine; 
medial  process  (PAI.  PT)  firmly  bound  to  PT2  PAL.  Symplectic  process  of  preopercle 
(SYM  POP)  large,  occasionally  reaching  to  symplectic.  Second  branchiostegal  (B2) 
noticeably  larger  than  branchiostegals  three  and  four  (B3,  B4).  Cleithrum  (CL)  bearing 
pronounced  lateral  projection  (LP  CL);  projection  T-shaped  in  cross  section  distally. 

Etymology 

The  genus  Fapillogobius  is  named  after  the  disordered  state  of  papillae  rows  c and  cp. 


Papillogobius  punctatus  sp.  nov, 

(Figure  4) 

Holotype 

WAM  P.29724-001,  male,  51.1  mm  SL.  3 mm  mesh  beach  seine  on  sand  flats,  depths  to  1.5  m,  .loel 
Terrace,  Swan-Avon  Estuary,  WA,  collected  by  H.S.  Gill. 
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Paratypes 

Nineteen  specimens,  collection  method  as  for  holotype:  WAM  P.29723-00!  (5  females,  38.8-42.7  mm  SL), 
Sandy  Beach,  Swan-Avon  Estuary,  WA;  WAM  P.29725-001  (1  female,  38.5  mm  SL)  Joel  Terrace, 
Swan — Avon  Estuary,  WA;  WAM  P.29726-001  (5  males,  40.5-52.9  mm  SL),  Joel  Terrace,  Swan-Avon 
Estuary,  WA;  WAM  P.29727-001  ( 1 male,  42.7  mm  SL),  Joel  Terrace,  Swan-Avon  Estuary,  WA;  WAM 
P.29728-001  (2  males, 43.9-45.2  mm  SL).  Point  Belcher.  Swan-Avon  Estuary,  WA;  WAM  P.29737-001  six 
cleared  and  stained  specimens,  Joel  Terrace,  Swan-Avon,  Estuary,  WA;  AMS  1.29327-001  (I  male,  45.2  mm 
SL,  4 females,  36.3-44.2  mm  SL),  Joel  Terrace,  Swan-Avon  Estuary,  WA. 

Additional  Material 

Seventy  two  specimens  (32  males,  27.0-46.7  mm  SL,  40  females,  29.0-51.3  mm  SL),  Swan-Avon  Estuary, 
WA.  52  were  cleared  and  stained  for  osteological  examination. 

Diagnosis 

A species  most  similar  to  Favonigobius  exquisitus  but  distinguished  from  it  by  the 
branchiostegal  membranes  meeting  below  the  rear  of  the  preopercle,  the  heavy 
branchiostegal  pigmentation,  the  large  separation  in  row  e and  the  small  predorsal 
scales.  This  species  differs  from  other  members  of  Favonigobius  with  a similar  papillae 
pattern  by  a combination  of  the  following  characters  (mode  in  parentheses):  predorsal 
scales  0-7  (2);  scales  in  lateral  row  27-31  (30);  gill  rakers  1-2  + 8-9  (1+8,  2+8);  cephalic 
lateral  line  rows  x 1 and  x2  contiguous  with  no  small  break;  snout  steep;  bar  from  eye  to 
upper  jaw  at  60^  to  mid  body  line. 

Description 

Body  proportions  are  given  in  Table  2;  other  features  as  for  genus.  Body  moderately 
elongate,  laterally  compressed  towards  tail  and  highest  at  middle  of  first  dorsal  fin. 
Caudal  peduncle  deep  in  mature  fish.  Postorbital  profile  shallow.  Snout  oblique,  shorter 
than  eye  diameter. 

Fin  ray  and  scale  counts  are  given  in  Table  3.  First  dorsal  fin  (Dl)  arising  above 
proximal  third  of  pectoral  fin;  last  ray  arising  above  distal  quarter  of  pectoral  fin;  Dill 
and  occasionally  Dl  I and  Dl  III  may  be  free  at  tips  and  extending  to  caudal  peduncle, 
Dl  II  always  longest.  Second  dorsal  fin  (D2)  commencing  above  anus;  last  ray  just 
anterior  to  vertical  of  last  anal  ray  and  tip  extending  to  upper  origin  of  caudal  fin.  Anal 
fin  commencing  below  D2  1/2;  tip  of  last  ray  occasionally  extending  to  lower  origin  of 
caudal  fin.  Pectoral  fin  extending  to  between  Dl  VI  and  D2  1. 

Branchiostegal  membranes  meeting  below  rear  of  preopecle. 

Predorsal  scales  very  small,  indistinct  and  variable.  Belly  scales  small  and  cycloid, 
often  absent  in  medial  region. 

Colour:  Preserved  specimens  light  to  dark  brown  dorsally,  pale  ventrally.  Lateral 
series  bearing  five  dark  large  blotches;  individual  blotches  appearing  as  three  distinct 
spots  in  juveniles;  smaller  blotches  may  be  present  between  first  three  main  blotches. 
Trunk  bearing  five  to  seven  longitudinal  rows  of  pale  yellow/ brown  spots.  Triangular 
dark  bar  from  eye  to  anterior  nostril.  Dark  bar  from  eye  to  upper  jaw  at  angle  of  60*^  to 
mid  line;  dark  bar  from  eye  to  above  level  of  preopercular  margin.  Large  triangular 
blotch  covering  anterior  dorsal  portion  of  opercle;  posterior  edge  bearing  line  of  pale 
yellow/ brown  spots.  Branchiostegal  membrane  pigmented  (Figure  5).  Dorsal  fins  with 
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Table  2 Body  proportions  of  Papillogobius punctatus  from  the  Swan- Avon  Estuary.  Individual  values 
are  given  for  the  holotype.  Range  and,  in  parentheses,  mean  ± standard  deviation  are  given  for 
paratypes. 

Abbreviations  used  in  Tables  2 and  4:  Ab.  anal  fin  base;  Ad  and  Aw.  body  depth  and  width  at 
anal  fin  origin;  Cl.  caudal  fin  length;  CHd.  cheek  depth;  CP  and  C Pd.  caudal  peduncle  length 
and  depth;  D 1 b and  D2b.  first  and  second  dorsal  fin  bases;  D 1 / 2 distance  between  last  ray  of 
first  dorsal  fin  and  first  ray  of  second  dorsal  fin;  E.  eye  diameter;  H and  Hw.  head  length  and 
width;  I.  interorbital  width;  PI.  pectoral  fin  length;  PO.  postorbital  length;  SL.  standard 
length;  SN.  snout  length;  SN  / A and  SN  y AN.  distance  from  snout  to  verticals  of  anal  fin  origin 
and  anus;  SN/Dl  and  SN  y D2.  distance  from  snout  to  origins  of  first  and  second  dorsal  fins; 
SN/ V.  distance  from  snout  to  vertical  of  pelvic  disc  origin;  V,  AN.  distance  from  pelvic  disc 
origin  to  anus;  Vd  body  depth  at  pelvic  disc  origin;  VI.  pelvic  disc  length. 


Sex  Holotype,  Male  Males  (inch  holotype)  Females 

SL(mm)  51.1  40.5-52.9  36.3-44.2 

n — 10  10 


H 

23.7 

23.5-26.0 

(24.3  ± 0.79) 

23.9-25.3 

(24.5  ±0.38) 

Hw 

14.2 

12.3-14.2 

(13.3  ±0.58) 

10.6-11.8 

(11.5  ±0.37) 

Mw 

11.2 

9.2-11.2 

(10.4  + 0.56) 

8.2-10.0 

( 9.0  ±0.60) 

SN/Dl 

31.5 

30.8-34.5 

(32.7  ± 1.23) 

33.1-35.3 

(33.8  ±0.70) 

SN/D2 

51.7 

50.4-54.1 

(51.9  + 1.14) 

51.1-55.2 

(54.1  ± 1.22) 

SN/AN 

49.3 

49.1-52.1 

(50.5  ± 1.04) 

51.2-55.9 

(53.0  ± 1.28) 

SN/A 

52.5 

52.5-57.3 

(54.7  ± 1.40) 

56.5-60.2 

(58.0  ± 1.10) 

SN/V 

26.7 

26.7-30.5 

(28.2  ± 1.23) 

26.6-29.9 

(28.8  ± 1.04) 

CP 

24.5 

20.9-24.5 

(22.6  ± 0.94) 

20.7-23.3 

(21.9  ±0.85) 

Dlb 

11.6 

11.3-12.5 

(12.0  ±0.35) 

1 1.2-12.8 

(12.2  ±0.49) 

D2b 

23.3 

23.1-26.9 

(24.8  ± 1.32) 

20.5-22.9 

(21.6  ±0.83) 

Dl/2 

7.8 

5.9-  8.3 

( 7.2  ±0.77) 

7.2-  9.3 

( 8.5  ±0.64) 

Ab 

23.0 

21.2-24.1 

(22.7  + 0.91) 

19.2-22.0 

(20.4  ±0.85) 

Cl 

24.5 

24.4-27.0 

(25.5  ±0.79) 

19.3-23.3 

(21.8  ± 1.31) 

PI 

19.2 

19.2-23.1 

(21.0  ± 1.04) 

18.1-21.1 

(20.0  ±0.84) 

VI 

27.0 

24.0-27.0 

(25.0  ± 1. 13) 

23.7-25.3 

(24.4  ± 0.49) 

Vd 

17.6 

15.1-19.5 

(17.7  ± 1.17) 

15.6-18.8 

(17.0  ±0.89) 

Ad 

18.0 

I5.7-I8.5 

(17.5  ±0.97) 

14.6-18.2 

(16.3  ±0.95) 

Aw 

10.2 

10.0-11.9 

(10.6  ±0.54) 

8.3-10.4 

( 9.3  ±0.56) 

CPd 

10.1 

8.0-10.1 

( 9.4  ± 0.57) 

8.0-  9.1 

( 8.4  ±0.35) 

V/AN 

22.7 

20.8-23.1 

(22.3  ±0.75) 

23.4-27.0 

(24.1  ± 1.10) 

%CP, 

CPd 

41.1 

35.7-45.9 

(41.4  ± 2.89) 

34.5-42.6 

(38.4  ± 2.75) 

%H, 

SN 

24.9 

24.3-26.3 

(25.7  ± I.IO) 

22.4-25.2 

(24.3  ± 0.92) 

E 

29.0 

25.4-31.2 

(28.3  ± 1.61) 

27.6-30.5 

(29.4  ± 0.97) 

PO 

50.7 

46.2-50.7 

(48.0  ± 1.37) 

45.9-50.2 

(47.7  ± 1.34) 

CHd 

23.9 

20.0-24.2 

(21.9  ± 1.39) 

16.9-21.3 

(18.7  ± 1.48) 

Hw 

59.9 

50.0-59.9 

(54.8  ±2.92) 

44.5-48.1 

(46.6  ± 1.29) 

Mw 

47.4 

37.3-47.4 

(42.9  ±3.19) 

33.4-38.9 

(36.4  ± 2.42) 

%E, 

I 

25.6 

16.9-25.6 

(21.1  ± 3.22) 

16.4-20.6 

(18.6±  1.39) 

%V/AN, 

V 

119.1 

106.2-119.1 

(112.5  ±4.39) 

91.6-107.8 

(101.1  ± 4.63) 

A new  genus  and  species  of  goby 


orange/brown  spots  proximally,  white/yellow  medially  and  dark  distally.  Anal  and 
pelvic  fins  pale  proximally  and  dark  distally.  Pectoral  fin  with  yellow/orange  spots 
proximally;  base  with  three  dark  blotches.  Caudal  fin  with  yellow/ brown  spots 
proximally  and  dark  distally  with  light  separating  band  occurring  dorsally. 

Pigmentation  usually  heaviest  in  mature  males.  Colour  more  intense  in  live 
specimens. 


Figure  4 PapUlogobius  punctatus,  holotype.  male,  51.1  mm  SL,  Joel  Terrace  (Site  13),  Swan-Avon 
Estuary,  WA. 


Figure  5 Branchiostegal  pigmentation  and  pelvic  disc  of  PapUlogobius  punctatus,  female,  38.2  mm  SL. 
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Table  3 Meristic  variation  in  Papiliogobius  punctatus  horn  thtSwan-AvonEstuary.  Individual  values 
are  given  for  the  holotype.  Range  and,  in  parentheses,  mode  are  given  for  paratypes  and 
additional  specimens.  Osteological  information  was  obtained  from  52  stained  specimens. 
Dashed  lines  indicate  data  that  could  not  be  obtained  from  type  material. 

*20  specimens,  left  and  right  arches  counted. 

Abbreviations  used  in  Tables  3 and  5:  A.  anal  fin;  C.  caudal  fin;  Dl,  D2.  first  and  second  dorsal 
fins;  GR.  gill  rakers  on  first  gill  arch;  LL.  scales  in  lateral  series;  P.  pectoral  fin;  PD.  predorsal 
scales;  P-VC.  relationship  between  dorsal  fin  pterygiophores  and  vertebrae;  TR.  scales  in 
transverse  series;  V.  pelvic  disc;  VC.  vertebrae. 


Counts 

SL(mm) 

n 

Holotype 

51.1 

1 

Paratypes 

36.3-52.9 

19 

Range 

28.2-51.3 

52 

Dl 

VI 

IV-VI 

(VI) 

Vi 

D2 

1,8 

1,7-1, 9 

(1,8) 

1,8 

A 

1,8 

1, 8-1,9 

(1,8) 

1, 8-1, 9 

(1,8) 

P 

16 

15-16 

(16) 

15-16 

(16) 

V 

1,5 

1,5 

1,5 

c 

17 

16-17 

(17) 

17 

9/8 

LL 

30 

27-31 

(28) 

27-31 

(30) 

TR 

7+1 

7,7+1,  8 

(7+1) 

7,  7+1 

(7,  7+1) 

PD 

3 

0-5 

(0, 1) 

0-7 

(2) 

P-VC 

— 

— 

— 

3/III1  I 

I 0/9 

VC 

— 

— 

— 

10,16 

GR 

— 

— 

— 

(I-2)+(8-9)  (1+8,  2+8) 

Etymology 

The  species  punctatus  is  named  after  the  distinctive  red  and/or  yellow  spots  which  led 
to  its  initial  separation  from  F.  lateralis. 

Distribution 

Extensive  sampling  in  several  estuaries  and  coastal  embayments  throughout  the 
south-west  of  Western  Australia  yielded  Papillogobius  punctatus  only  from  the  Swan- 
Avon  Estuary  (Figure  1). 

Remarks 

This  goby  appears  to  be  restricted  to  shallow  sand  flats  (up  to  2 m in  depth)  and  is 
often  found  with  Pseudogobius  olorum.  Females  and  juveniles  are  more  abundant  in  the 
shallower  water,  males  are  more  abundant  on  the  dropoff  into  deeper  water. 

Maximum  standard  length  recorded  is  52.9  mm  for  males  and  44.2  mm  for  females, 
total  lengths  being  67. 1 and  53.8  mm  respectively. 


Favonigobius  Whitley,  1930 

Favonigobius  Whitley,  1930:  122  (Type  species  Gobius  lateralis  Macleay,  1881). 

Diagnosis 

A genus  of  the  subfamily  Gobiinae  with  the  following  combination  of  characters: 
operculum  and  preoperculum  without  scales  or  spines;  first  spine  of  dorsal  and  anal  fins 
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not  strengthened;  rows  a,  b,  and  c of  cephalic  lateral  line  single  and  long;  row  cp  short 
and  joined  anteriorly  to  row  c;  row  d single  and  short;  row  e single  in  two  parts;  row  n 
single  and  longitudinal;  rows  oi,  os  and  ot  single  and  short;  rows  xl  and  x2  well 
separated;  row  x absent;  caudal  fin  round. 

Description 

Body  moderately  elongate.  Eyes  dorso-lateral;  interorbital  space  usually  less  than  one 
eighth  eye  diameter.  First  ray  of  first  dorsal  occasionally  extended  and  free  at  tip  in 
males,  rarely  in  females.  Second  dorsal  and  anal  fins  with  nine  soft  branched  rays. 
Caudal  fin  rounded,  usually  slightly  longer  than  head.  No  deepening  of  caudal  peduncle 
in  adults.  Pectoral  fins  without  free  rays.  Pelvic  disc  complete,  posterior  edge  usually 
covering  genital  papilla  in  females  and  extending  to  first  branched  ray  of  anal  fin  in 
males;  anterior  membrane  complete  and  well  developed.  Lateral  series  with  26-34 
ctenoid  scales.  Predorsal  scales  0-8,  small,  ctenoid  and  cycloid.  Prepelvic  scales  large  and 
cycloid.  Belly  scales  small  and  cycloid.  Head,  opercle  and  cheek  naked.  Anterior  nostril 
tubular,  without  tentacles,  posterior  nostril  pore-like,  near  orbit.  Mouth  oblique;  jaws 
equal  to  subequal,  posterior  angle  of  lower  jaw  between  anterior  edge  of  orbit  and  pupil; 
chin  without  barbels  or  transverse  fold.  Teeth  in  jaws  erect  and  caniniform,  in  several 
rows  medially,  outer  row  of  teeth  in  both  jaws  enlarged;  pharyngeal  teeth  caniniform. 
Tongue  rounded  to  truncate.  Branchiostegal  membrane  attached  to  lateral  margin  of 
isthmus  to  about  level  of  coracoid  bar.  Gill  rakers  simple  to  serrate  on  first  arch, 
spinulose  on  rest. 

Cephalic  lateral  line  system  with  anterior  and  posterior  oculoscapular  canals  carrying 
pores  a,  /c,  w,  a,  p,  p',  p^,  and  the  preopercular  canal  carrying  pores  y,  6 and  e 
(Figure  6).  Cheek  sensory  papillae  in  seven  single  rows;  row  a extending  from  pore  a to 
anterior  edge  of  orbit;  row  a I absent;  row  b extending  from  row  c to  pore  <5  or  just  below 
it;  row  c single  and  reaching  to  vertical  between  pores  a and  /3;  row  cp  short,  originating 
from  mid  region  of  row  c and  extending  back  towards  vertical  of  last  few  papillae  of  c; 
row  d extending  from  row  c to  between  vertical  of  pores  k and  a;  rows  e and  i with  small 
break  posterior  to  level  of  mouth;  row  f transverse  and  bearing  longitudinal  sides;  row  ot 
extending  to  just  below  or  level  with  pore  <5;  row  oi  short;  row  os  short  and  extending 
from  posterior  edge  of  opercle  to  between  level  of  pores  6 and  y and  never  reaching  row 
ot;  row  x 1 extending  from  pore  p to  pore  p';  row  x2  extending  from  pore  p^  to  above 
posterior  opercular  margin;  rows  q 1 and  q2  single;  row  n short  and  longitudinal;  row  s 1 
comprising  one  to  five  papillae;  row  s2  short  and  single. 

Skeleton  possesses  characters  diagnostic  of  subfamily  Gobiinae  (Miller  1973)  (Figure 
7;  for  abbreviations  see  Figure  3). 

Ventromedial  strut  of  exoccipital  bearing  a small  foot.  Metapterygoid  and  sy  mplectic 
fused,  tip  of  metapterygoid  overlaping  quadrate.  Symplectic  cartilage  bound  to 
hyomandibular  and  preopercle.  Head  of  palatine  bearing  posteriorly  projecting  strut  to 
which  tip  of  ectopterygoid  is  firmly  bound.  Ectopterygoid  long  and  reaching  to  head  of 
palatine.  Preopercle  bearing  remnant  of  symplectic  process.  Second  branchiostegal 
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Figure  6 Cephalic  lateral  line  system  in  Favonigobius  lateralis,  female,  50.5  mm  SL,  (A)  lateral  view;  (B) 
dorsal  view;  (C)  ventral  view. 
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never  noticeably  broader  than  branchiostegals  three  and  four.  Cleithrum  bearing  small 
lateral  projection. 


(A) 


1mm  (F) 


Figure  7 Skeleton  of  Favonigobius  lateralis,  female,  4I.3  mm  SL,  (A)  suspensorium,  lateral  view;  (B) 
pectoral  girdle,  lateral  view;  (C)  branchiostegal  rays,  lateral  view;  (D)  palatine,  ventral  view;  (E) 
hyomandibular,  lateral  view;  (F)  exoccipital,  dorsal  view;  (G)  quadrate  and  ectopterygoid, 
lateral  view. 


Favonigobius  lateralis  (Macleay,  1881) 

(Figures  8 & 9) 

Gobius  lateralis  Macleay,  1881:  602  (King  George’s  Sound.  Western  Australia). 

Rhinogobius  lateralis  (Macleay);  McCulloch  and  Waite,  1918:  48,  pi.  II,  fig.  3 (Noarlunga,  Semaphore 
and  St.  Vincent  Gulf,  South  Australia  and  Queenscliff,  Victoria). 
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Rhinogohius  (Gobius)  lateralis  var.  obliquus  (Macleay):  McCulloch  and  Ogilby,  1919:  249,  pi.  XXXIV, 
fig.  4 (Parramatta  River  estuary  and  Rose  Bay,  Port  Jackson,  New  South  Wales). 

/fl/era/w  (Macleay):  Whitley,  1930;  122. 

Ctenogobius  auriga  Whitley,  1959:  317.  (D.  Hoese  pers.  comm.) 

Syntypes 

AMS  I.  16386-001  (2  males,  45.6-48.7  mm  SL,  I female,  45.5  mm  SL),  King  George's  Sound,  WA. 
Paratypes  (var.  obliquus) 

AMS  1.  9733-9735  (2  males,  33.1-36.6  mm  SL,  3 females,  34.5-44.2  mm  SL),  Rose  Bay,  Port  Jackson, 
NSW. 

Additional  Materia! 

WAM  P.24393-6 (4 females,  45.8-49.6  mm  SL),  Hardy  Inlet,  WA;  WA  M P.24413-7  (2 females,  44.6-45.6 
mm  SL),  Hardy  Inlet,  WA;  WAM  P.24900  (2  females,  39.5-50.1  mm  SL),  Hardy  Inlet.  WA;  WAM 
P.28806-001  (6 specimens,  25.0-32.0  mm  SL),  Moreton  Bay,  Queensland;  40 specimens (20  males,  32.6-54.5 
mm  SL,  20 females,  35.9-53.4  mm  SL),  Peel- Harvey  Estuary,  WA;  12  specimens  (2  males.  39.5-46.0  mm  SL. 
10  females,  35.0-48.8  mm  SL),  Port  Hacking,  NSW;  12  specimens  (4  males,  29.9-38.9  mm  SL,  8 females, 
34.3-43,4  mm  SL).  Rockingham  Bay,  WA;  103  specimens  (67  males.  32.4-55. 1 mm  SL.  36  females,  28.6-50.5 
mm  SL),  Swan-Avon  Estuary,  WA.  Of  these  63  were  cleared  and  stained.  Nine  of  which  were  subsequently 
lodged  at  the  Western  Australian  Museum,  WAM  P.29736-001. 

Diagnosis 

A species  of  Favonigobius  with  the  following  combination  of  characters  (mode  in 
parentheses):  predorsal  scales  0-7(5);  scales  in  lateral  row  26-31(29);  gill  rakers  1-3  + 7-9 
(2+7,  2+8);  cephalic  lateral  line  f transverse  with  longitudinal  sides. 

Description 

Body  proportions  are  given  in  Table  4;  other  features  as  for  genus.  Body  moderately 
elongate,  laterally  compressed  towards  tail  and  highest  at  middle  of  first  dorsal  fin. 
Postorbital  profile  shallow.  Snout  oblique,  shorter  than  eye  diameter. 

Fin  ray  and  scale  counts  are  given  in  Table  5.  First  dorsal  fin  (Dl)  arising  above 
proximal  third  of  pectoral  fin;  last  ray  arising  above  distal  quarter  of  pectoral  fin;  D I I 
occasionally  free  at  tip  and  extending  to  middle  of  second  dorsal  fin  (D2).  D2 
commencing  above  distal  half  of  genital  papilla;  last  ray  above  vertical  of  last  anal  ray 
and  tip  extending  to  at  least  distal  quarter  of  caudal  peduncle  and  often  well  into 
proximal  half  of  caudal  fin.  Anal  fin  commencing  below  D2  I / 2;  tip  of  last  ray  just  in 
advance  of  posterior  tip  of  D2.  Pectoral  fin  extending  back  to  between  D I VI  and  origin 
of  D2  and  occasionally  to  D2  1 . Pelvic  disc  extending  at  least  to  tip  of  genital  papilla  and 
often  to  A 1 in  males  and  to  base  of  genital  papilla  and  often  to  tip  in  females.  Caudal  fin 
rounded  and  usually  slightly  longer  than  head. 

Colour:  Preserved  specimens  red-brown  to  olive  green  dorsally  and  pale  ventrally. 
Lateral  series  bearing  five  dark  blotches;  individual  blotches  appearing  as  ten  dashes  in 
var.  obliquus;  smaller  blotches  may  be  present  between  main  blotches.  Triangular  dark 
bar  extending  from  eye  to  middle  of  upper  jaw;  triangular  dark  bar  extending  from 
posterior  edge  of  orbit  to  angle  of  jaw.  Large  triangular  blotch  running  along 
preopercular  margin  of  operculum.  Branchiostegal  pigmentation  may  be  heavy  but  not 
localised  (Figure  10).  Cheek,  preoperculum  and  operculum  with  pale  nacreous 
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vermiculations.  Abdomen  of  males  bearing  pale  streaks  in  some  populations.  Dorsal  fins 
with  series  of  brown,  grey  or  black  reticulating  lines;  D 1 bearing  dark  spot  between  D 1 I 
and  Dill,  particularly  prominent  in  females.  Anal  and  pelvic  fins  pale  proximally  and 
dark  distally.  Fine  rows  of  melanophores  bordering  pectoral  fin  rays.  Caudal  fm  bearing 
series  of  brown,  grey  or  black  transverse  reticulating  lines. 

Pigmentation  usually  heaviest  in  males. 


Table  4 

Body  proportions  of  Favonigobius  lateralis  from  the  Swan-Avon  Estuary.  Range  and,  in 
parentheses,  mean  ± standard  deviation  are  given. 

Sex 

Males 

Females 

SL(mm) 

38.7-55.0 

40.6-46.6 

n 

10 

10 

%SL, 


H 

22.7-26.2 

(24.6±1.06) 

24.0-26.2 

(25.310.85) 

Hw 

11.3-14.4 

(12.9±0.88) 

12.4-14.2 

(13.310.50) 

Mw 

9.9-12.0 

(10.010.67) 

9.2-10.8 

(10.010.58) 

SN/DI 

29.5-32.7 

(31.610.94) 

32.3-34.6 

(33.910.72) 

SN/D2 

50.0-52.0 

(51.010.62) 

52.9-55.0 

(54.310.69) 

SN/AN 

46.5-50.4 

(47.811.12) 

47.4-51.0 

(49.811.25) 

SN/A 

49.8-55.1 

(52.011.58) 

53.0-58.0 

(54.911.48) 

SN/V 

25.3-27.7 

(26.710.69) 

24.7-28,4 

(27.011.00) 

CP 

19.7-22.6 

(21.011.02) 

19.2-21.3 

(20.310.75) 

Dlb 

11.4-13.5 

(12.110.68) 

11.9-14.1 

(12.710.65) 

D2b 

26.6-29.1 

(27.910.82) 

25.4-27.4 

(26.610.61) 

DI/2 

6.1-  8.1 

( 7.310.64) 

6.7-  9.4 

( 7.810.77) 

Ab 

26.1-28.7 

(27.210.81) 

23.4-26.9 

(25.011.02) 

Cl 

25.5-29.9 

(27.711.27) 

24.5-27.6 

(26.311.17) 

PI 

18.7-24.6 

(20.911.68) 

21.4-24.4 

(23.011.01) 

VI 

23.0-27.2 

(25.511.31) 

24.3-27.8 

(26.211.36) 

Vd 

14.8-18.3 

(16.411.13) 

16.0-17.6 

(17.010.57) 

Ad 

13.9-17.0 

(15.610.91) 

15.0-17.3 

(15.910.82) 

Aw 

9.1-10.8 

( 9.910.49) 

7.9-10.5 

( 9.310.79) 

CPd 

8.0-  9.4 

( 8.510.43) 

7.6-  8.2 

( 7.910.16) 

V/AN 

20.2-25.1 

(21.111.44) 

19.9-23.7 

(22.811.14) 

%CP, 

Cpd 

36.9-45.0 

(40.812.94) 

36.5-41.2 

(38.811.56) 

%H, 

SN 

20.3-26.0 

(22.311.92) 

20.5-24.6 

(23.211.50) 

E 

27.1-31.9 

(29.611.63) 

27.5-30.7 

(29.511.13) 

PO 

48.0-54.9 

(52.012.50) 

47.6-55.8 

(51.512.11) 

CHd 

21.0-26.0 

(23.711.67) 

18.7-23.4 

(21.011.65) 

Hw 

45.6-57.4 

(52.313.65) 

47.2-54.8 

(52.612.44) 

Mw 

39.3-47.9 

(42.5i2.75) 

34.9-42.5 

(39.512.37) 

%E, 

1 

10.6-I6.I 

(13.811.90) 

11.5-14.2 

(12.810.91) 

%V/AN, 

V 

100.0-132.2 

(121.119.59) 

103.4-136.4 

(115.4110.38) 
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Figure  8 Favonigobius  lateralis,  female,  50.5  mm  SL,  Leeuwin  (Site  2),  Swan-Avon  Estuary,  WA. 


Figure  9 


Favonigobius  lateralis,  male,  53.5  mm  SL,  Leeuwin  (Site  2),  Swan-Avon  Estuary,  WA. 
Pectoral  fin  removed  to  show  pigmentation  on  belly  and  flank  of  males. 


Figure  10  Branchiostegal  pigmentation  and  pelvic  disc  of  Favonigobius  lateralis,  male,  41.0  mm  SL. 


519 


A new  genus  and  species  of  goby 


Table  5 Meristic  variation  in  syntypes  of  Favonigobius  lateralis,  paratypes  of  F.  lateralis  var.  obliquus 
and  F.  lateralis  from  the  Swan-Avon  Estuary.  Range  and,  in  parentheses,  mode  are  given. 
Osteological  data  was  obtained  from  63  stained  specimens.  Dashed  lines  indicate  data  that 
could  not  be  obtained  from  type  material. 

*20  specimens,  left  and  right  arches  counted. 

Note:  scale  counts  for  syntypes  and  paratypes  are  best  estimates,  due  to  loss  of  scales  on  most 
specimens. 


Counts 

SL(mm) 

n 

Syntypes 

45.5-45.6 

3 

Paratypes 

34.5-44.2 

5 

Range 

28.6-55.0 

83 

D1 

VI 

VI 

VI 

D2 

1,9 

1,9 

1,9 

A 

1,9 

1,9 

1,9 

P 

15-16 

(16) 

15-16 

(15) 

14-16 

(16) 

V 

1,5 

1,5 

1,5 

c 

16-17 

(17) 

16-17 

(17) 

16-17 

(17)  9/8 

LL 

29-31 

(29-31) 

28-31 

(30) 

26-30 

(29) 

TR 

8,  8+1 

(8+1) 

7-8+1 

(7) 

7-9+1 

(8) 

PD 

1,  2 

(2) 

2-7 

(5) 

0-7 

(5) 

P-VC 

— 

— 

3/II 

11  1 I 0/9 

VC 

— 

— 

10,  16 

GR 

— 

— 

(l-3)+(7-9) 

(2+7,  2+8) 

Distribution 

Favonigobius  lateralis  occurs  in  the  southern  half  of  Australia,  from  Denham,  WA 
(25«56'S,  II3032T)  on  the  west  coast,  to  Moreton  Bay,  Queensland  (27«15'S,  153«I5'E) 
on  the  east  coast. 

Remarks 

This  species  has  only  been  collected  on  shallow  sand  flats  (less  than  2 m deep)  in 
estuaries  and  coastal  embayments  subjected  to  minimal  wind  and  wave  action.  It  has 
never  been  caught  with  large  numbers  of  any  other  gobiid  species. 


Table  6 Comparison  of  the  main  characters  used  to  distinguish  between  Papillogobius  punctatus  and 
those  species  currently  assigned  to  Favonigobius  which  bear  the  generic  characters  of 
Papillogobius. 


Character 

Papillogobius 

punctatus 

Favonigobius 

reichei 

Favonigobius 

melanobranchus 

Favonigobius 

exquisitus 

row  e 

in  2 parts 

continuous 

continuous 

usually  coni. 

rows  xl  & x2 

contiguous 

usually  sep. 

separate 

usually  sep. 

branchiost- 

black,  meet 

pale,  meet 

black,  meet 

pale,  meet 

egals 

below  rear 

below  edge 

below  rear 

below  edge 

of  preopercle 

of  eye 

of  preopercle 

of  eye 

snout 

steep 

shallow 

steep 

steep 

bar  from  eye 

60°  to  body 

40°  to  body 

60°  to  body 

60°  to  body 

PD 

0-7 

0-3 

0 

4-10 

LL 

27-31 

26-29 

27-29 

28-32 

GR 

(l-2)+(8-9) 

l+(6-8) 

l+{7-8) 

(l-2)+(7-9) 
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Discussion 

Papillogobius  and  Favonigobius  possess  the  osleological  and  canal  pore  characters 
described  by  Miller  (1973)  as  diagnostic  of  the  subfamily  Gobiinae,  namely:  one  epural 
bone,  fan-hypurals  not  fused,  five  branchiostegal  rays,  four  pectoral  radials, 
metapterygoid  bridge  between  hyomandibular  and  quadrate,  preopercular  process  to 
symplectic,  no  scapula  and  preopercular  canal  with  three  pores.  Both  genera  are  allied  to 
approximately  30  genera  with  26  vertebrae,  a pterygiophore  formula  of  3,  II  II  I I 0/9 
and  a full  longitudinal  papillae  pattern.  Within  these  genera,  both  Papillogobius  and 
Favonigobius  are  most  closely  related  to  Acentrogobius,  which  has  been  recognised  as  a 
polyphyletic  genus  by  several  workers  (e.g.  Koumans  1953,  Hoese  and  Winterbottom 
1979,  Hoese  1983).  Hoese  (1983)  recognised  two  groups  within  this  genus,  one  being 
characterised  by  a proliferated  papillae  pattern  and  including  the  type  species 
Acentrogobius  viridipunctatus  (Cuvier  and  Valenciennes)  and  the  other  having  a simple 
papillae  pattern  and  typified  by  Acentrogobius janthinopterus  (Bleeker).  Comparisons 
of  selected  characters  for  these  two  groups  and  Papillogobius  and  Favonigobius  are 
given  in  Table  I.  The  main  osteological  differences  between  the  three  genera  are: 

Branchiostegal  rays.  Papillogobius  possesses  a second  branchiostegal  ray  which  is 
much  broader  than  rays  three  and  four.  Favonigobius  and  Acentrogobius  have  rays  two, 
three  and  four  roughly  equal  in  width. 

Cleithrum.  Papillogobius  has  a pronounced,  laterally-projecting  process  which 
becomes  T-shaped  in  cross  section  distally  on  the  ventral  third  of  the  cleithrum.  The 
process  is  small  and  not  T-shaped  in  Favonigobius  and  greatly  reduced  or  absent  in 
Acentrogobius.  A broad  second  branchiostegal  and  cleithrum  with  a large  process  were 
considered  by  Murdy  (1983)  to  be  the  derived  states  of  these  characters  and  diagnostic 
for  the  genus  Favonigobius.  However,  Murdy’s  diagnosis  of  Favonigobius  was  based  on 
F.  reichei  and  not  on  the  type  species  F.  lateralis. 

Svmplectic  process  of  preopercle.  The  process  is  well  developed  in  Papillogobius, 
often  extending  to  the  symplectic.  This  process  is  small  in  Favonigobius  and  absent  in 
Acentrogobius.  Miller  (1973),  Birdsong  (1975)  and  Murdy  (1983)  all  noted  the 
importance  of  the  symplectic  process  in  gobiid  systematics  and  considered  a well 
developed  process  to  be  the  generalized  state. 

In  addition  to  the  obteological  differences,  Papillogobius,  Favonigobius,  A. 
viridipunctatus  and  A.  janthinopterus  can  be  easily  distinguished  from  one  another  and 
other  gobiids  by  their  characteristic  cephalic  lateral  line  systems.  The  main  distinguishing 
characteristics  are: 

Rows  a,  c and  cp.  In  Papillogobius,  the  papillae  in  these  rows  are  proliferated  and 
disorganised  and  appear  as  broad  swathes  of  papillae  rather  than  discrete  rows.  The 
papillae  are  proliferated  in  A.  viridipunctatus  but  not  disorganised  and  each  row  appears 
as  a series  of  transverse  lines.  No  proliferation  of  papillae  occurs  in  either  Favonigobius 
or  A.  janthinopterus. 

Rows  e and  i.  These  rows  are  single  in  Papillogobius,  Favonigobius  and  A. 
janthinopterus  but  are  proliferated  in  A.  viridipunctatus. 
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Row  n.  This  row  is  single  and  longitudinal  in  Papillogobius  and  Favonigobius.  In  A. 
viridipunctatus  and  A.  janthinopterus,  this  row  is  transverse  and  proliferated. 

Rowx.  This  row  is  present  in  Papillogobius,  A.  viridipunctatus  A.  janthinopterus 
and  absent  in  Favonigobius, 

The  six  species  currently  assigned  to  the  genus  Favonigobius,  in  addition  to  the  type 
species  F.  lateralis,  are  F.  exquisitus,  F.  melanobranchus,  F.  reichei,  F.  gymnauchen,  F. 
suppositus  and  F.  tamarensis.  The  first  three  of  these  species  all  bear  a papillae  pattern 
similar  to  that  of  Papillogobius,  have  a broad  second  branchiostegal,  a large  symplectic 
process,  a T-shaped  process  on  the  cleithrum  and  a ventromedial  strut  on  the  exoccipital 
whose  foot  is  either  greatly  reduced  or  absent.  On  the  basis  of  these  characters,  F. 
exquisitus,  F.  melanobranchus  and  F.  reichei  are  placed  in  the  genus  Papillogobius. 
Table  6 gives  the  characters  used  to  distinguish  the  four  members  of  this  new  genus.  A 
complete  revision  of  the  genus  Favonigobius,  in  which  the  use  of  the  cephalic  lateral  line 
system  as  a systematic  character  is  fully  discussed,  is  currently  in  preparation  (Gill 
unpublished  data). 

Comparative  material 

Acenirogobius  viridipunctatus  (Quwtx  SLwd  Valenciennes,  1837):  PJM  coll.  No.  0(3  males,  38.0-66.0  mm 
SL,  I female,  60.0  mm  SL).  PJM  coll.  No.  4 (2  females,  50.0-57.8  mm  SL). 

Arenigobius  bifrenatus  (Kner,  1865):  WAM  P.  1 1959-62  (2  males,  58.6-73.6  mm  SL,  2 females  64.4-71.7 
mm  SL),  Preston  Point,  Swan  River,  WA,  collected  by  R.J.  Slacks/  aL,  18  January  1965;  WAM  P.l  6758(1 
male,  88.9  mm  SL),  Moore  River,  WA,  collected  by  N.  Cross,  7 June  1969;  WAM  P.24388-92  (3  males, 

52.7- 82.2 mm  SL,  1 female  50.6  mm  SL,  1 juvenile,  38.7  mm  SL),  Hardy  Inlet,  WA,  26  March  1974;  WAM 
P.25064-005  (1  male,  91.3  mm  SL),  Hardy  Inlet,  WA,  20  March  1974;  PJM  (2  males,  68.6-88.7  mm  SL,  4 
females,  70.1-80.7  mm  SL),  Swan  River,  WA. 

Arenigobius frenatus  (Gunther,  1861):  AMS  L 19896-002  ( 1 male,  56.8  mm  SL,  3 females,  35.5-57.4  mm 
SL). 

Bathvgobius  andrei  (Sauvage,  1880):  PJ M 1461  ( 1 male,  107.3  mm  SL,  1 female  65.0  mm  SL),  collected 
by  Dawson.  1984;  PJM  1469  (3  females,  67.3-89.0  mm  SL),  collected  by  Dawson,  May  1984. 

Bathygobius  cyclopterus  (Cuvier  and  Valenciennes,  1837);  PJM  (3  males,  56.9-61.4  mm  SL,  3 females, 

43.7- 54.6  mm  SL),  Port  Shelta,  Hong  Kong,  28  July  1983. 

Bathygobius  fuscus  (Ruppell,  1830):  PJM  (3  males,  44.1-52.9  mm  SL,  3 females,  38.0-44.4  mm  SL), 
Kat-O  shore,  Hong  Kong,  2 June  1966. 

Bathvgobius  soporaior  (Cuvier  and  Valenciennes,  1 837):  GCRL  V72:9987  (3  males,  56. 1-74.3  mm  SL,  3 
females,  35.9-51.7  mm  SL),  Boca  del  Rio  Cienquita,  Golfo  de  Honduras,  Cortes,  Honduras,  19  June  1971. 

Cristatogobius  cristatus  (Day,  1873):  WAM  P.28812-001  (I  female,  64.4  mm  SL),  Moreton  Bay, 
Queensland,  collected  by  V.  Wadley  & P.  Young,  28  September  1974;  WAM  P.28837-005  ( 1 female,  32.3 
mm  SL),  Port  Hacking,  NSW. 

Drombus  sp.:  PJM  (1  male,  42.8  mm  SL),  Lizard  Island,  Queensland,  15  September  1981. 

Exyrias  beiissimus  (Smith,  1959):  WAM  P.27662-030  (1  specimen.  74  mm  SL),  south  end  of  lagoon, 
Clerke  Reef.  Rowley  Shoals,  WA.  collected  by  G.  Allen,  23  July  1982;  WAM  P.29054-003  (1  specimen,  77 
mm  SL),  West  Island,  Ashmore  Reef,  Timor  Sea,  collected  by  G.  Allen,  17  September  1986. 

Exvrias  janthinopterus  {Bleaker,  1852):  PJM,  1 specimen.  Lizard  Island,  Queensland,  ISSeptember  1981. 

Exyrias  puntang  (Bleeker,  1851):  WAM  P.25231-004  (5  specimens,  30-77  mm  SL),  Ambon,  Molucca 
Island,  Batu  Kuning  Stream,  Kutekote.  collected  by  Allen  and  Randall,  19  January  1975;  WAM  P.26955- 
001  (2  specimens,  55-60  mm  SL),  Mowbray  River,  road  crossing  near  Mossman,  Queensland,  collected  by 
G.  Allen  and  D.  Hoese,  13  September  1980;  WAM  P.29595-025  (4  specimens,  37-93  mm  SL),  Madang, 
PNG,  collected  by  G.  Allen  and  L.  Parenti,  29  September  1987;  PJM  (3  males,  56.8-85.1  mm  SL,  3 females, 
41.0-82.6  mm  SL),  Lizard  Island,  Queensland,  15  September  1981. 
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Favonigobiusexqumtus{\^\\\X\^y,  1950):  AMS  IB.  1413,  holotype,  46. 1 mm  SL,  Toukley  NSW,  collected 
by  W.  Barnes,  20  March  1945;  AMS  1.17355-004(10  males,  30.5-46.5  mm  SL,  10 females,  28.0-36.4  mm  SL, 
10  unsexed).  Sugar-loaf  Bay,  NSW,  collected  by  L.  Collett  ei  ai;  AMS  1.25396-002.  2 specimens,  Cowan 
Creek,  NSW,  collected  by  J.  Bell  4 December  1984;  18  specimens  (8  males,  26.0-36.6  mm  SL,  10  females, 

31.0- 38.5  mm  SL),  Rozzell  Bay,  NSW,  osteological  data  were  taken  from  5 specimens. 

Favonigobius  melanobranchus  {Fowltr,  1934):  RUSl  10149(1  male,  21.9  mm  SL),  Kosi  Bay,  Zululand, 

osteological  data  taken;  WAM  P.25667-005  (9  males,  22.3-25.9  mm  SL,  2 females,  22.3-22.9  mm  SL),  Pt. 
Warrender,  WA. 

Favonigobius reichei iBlecker,  1853):  RMNH  4672  ( I female,  44.0  mm  SL),  Padang,  Sumatra,  1853,  leg. 
M.T.  H.  Reiche,  Bleeker  Collection;  RUSI  74-80(1  male,  34. 1 mm  SL.  3 females  38. 1-43.7  mm  SL),  Inhaca 
Islands;  RUSI  10149  (4  males,  29.2-33. 1 mm  SL,  10  females,  23. 1-37. 1 mm  SL,  10  juveniles,  16.0-26.7  mm 
SL),  Kosi  Bay,  Zululand,  osteological  data  were  taken  from  4 specimens;  RUSI  16790  (2  males,  32.0-34.8 
mm  SL,  2 females,  23.3-33.8  mm  SL),  Mahe,  Seychelles. 

Favonigobius  suppositus  (Sauvage,  1880):  WAM  P.26019-001  ( 1 male,  74,6  mm  SL,  I female,  72.4  mm 
SL),  Denmark  River,  WA;  WAM  P.3054 ( 1 male,  71.1  mm.  Gin  Gin  Brook,  WA;  WAM  P.  21755  ( 1 female, 
59.1  mm  SL),  Gin  Gin  Brook,  WA;  WAM  P.24820  (1  male,  71.7  mm  SL),  Hardy  Inlet,  WA;  WAM 
P.1815-7  (2  males,  43.0-44.7  mm  SL),  Harvey  River,  WA;  WAM  P.14187  (I  male,  65.9  mm  SL),  Moore 
River,  WA;  WAM  P.27026-00i  (I  female,  73.8  mm  SL),  Moore  River,  WA;  WAM  P.25069-001  (1  male, 
83.4  mm  SL),  Yunderup,  WA;  73  specimens,  (31  males,  33.7-58.1  mm  SL,  42  females,  28.6-81.0  mm  SL) 
Swan  River,  WA,  53  specimens  were  cleared  and  stained,  osteological  data  were  taken  from  46  and  7 are 
lodged  at  the  Western  Australian  Museum,  WAM  P.29738-001;  1 specimen  (male,  53.2  mm  SL),  Peel- 
Harvey  Estuary,  WA;  I specimen  (female,  59.4  mm  SL),  Princess  Royal  Harbour,  Albany,  WA;  3 
specimens  (females.  67.3-79.9  mm  SL),  Swan  River,  WA;  1 specimen  (male,  50.6  mm  SL),  Warren  River, 
WA. 

Favonigobius  tamarensis  (Johnston,  1883):  2 specimens  (1  male  39.9  mm  SL,  1 female,  45.8  mm  SL), 
Botany  Bay,  NSW;  4 specimens  (females,  24.5-41.7  mm  SL),  Margate,  Tasmania.  Osteological  data  were 
taken  from  all  specimens. 

Glossogobius  aureus  Akihito  and  Megura,  1975:  PJM  H.B.  (2  males,  132.0-132.5  mm  SL). 
Glossogobius  biocellatus  (Cuvier  and  Valenciennes,  1837):  PJM  (I  female,  52.8  mm  SL),  Gazi,  Kwale 
District,  Kenya,  20  August  1982, 

(Hamilton,  1822):  WAM  P.25424-010  (5  specimens,  35-1 12mm  SL),  Station  C5-1, 
Drysdale  River,  WA,  collected  by  B.  Hutchins,  19  August  1975;  WAM  P.25867-003  (10  males,  48.7-80.7 
mm  SL,  10  females.  68.3-76.0  mm  SL),  Maitland  River,  WA;  PJM  H.B.  (4  females,  64.8-132.5  mm  SL). 

Glossogobius  olivaceus  (Temminck  and  Schlegel,  1845):  PJM  (4  males,  103.5-123.8  mm  SL,  2 females, 
98.6-107.5  mm  SL),  Hamana  Lake,  Japan,  1983. 

Glossogobius  sparsipapillus  Akihito  and  Meguro,  1976:  PJM  coll.  No.  6(2  males,  94.5-96.7  mm  SL). 
Glossogobius  tenuiformis  Fowler.  1934:  RUSI  24741  (1  male,  37.7  mm  SL,4females,  30.7-38.7  mm  SL), 
Pongolo  Floodplain. 

Glossogobius  sp.:  PJM  coll.  No.  6 (1  female,  88.4  mm  SL). 

Hazeus  (Cuvier  and  Valenciennes,  1837):  PJM{1  male,  49. 1 mm  SL),  Gulf  of  Thailand,  1964; 

PJM  (2  males,  67.5-68.7  mm  SL,  5 females,  65.0-80.7  mm  SL). 

Isiigobius  (Ruppell,  1830):  WAM  P.27274-025  ( 17 specimens,  39-67  mm  SL),  Gantheume  Point, 

Broome,  WA,  collected  by  N.  Sarti  and  R.  Kelly,  18  January  1981;  PJM  (5  males,  33.9-42.2  mm  SL,  3 
females  37.0-53.9  mm  SL),  Kuste  vorden  Leuchtturn  der  Altstadt,  Galle,  6 February  1981;  PJM  (2  males, 

72.0- 84.3  mm  SL). 

Istigobius  "hongkongensis".  PJ  M (3  males,  69.3-74.0  mm  SL,  3 females.  52.7-58.9  mm  SL),  Sharp  Island, 
Hong  Kong,  collected  by  W.  L.  Chan,  27  April  1965. 

Lesueurigobius  friesii  (Malm):  PJ  M (2  males,  63.6-66.9  mm  SL),  Irish  Sea,  west  of  Isle  of  Man,  27  May 
1952;  PJM  (2  males,  67.0-67.6  mm  SL.  3 females,  58.3-68.7  mm  SL),  NW  Brada,  20  May  1960. 
Oplopomops  atherinoides  (Peters,  1855):  PJM  (I  specimen,  34.0  mm  SL),  Maine,  30  September  1954. 
Oplopomus  caninoides  1852):  PJM  (I  male,  43. 1 mm  SL,  1 female,  46.6  mm  SL),  Momboza, 

collected  by  P.  Keay,  June  1985. 
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Opiopomus  opiopomus  (Cuvier  and  Valenciennes,  1837);  WAM  P.  25168-014(1  female,  64.6  mm  SL), 
Shark  Bay,  WA. 

Opiopomus  sp.:  WAM  P.23350-001  (I  female,  55.6  mm  SL),  Exmouth  Gulf,  WA. 

Parkraemeria  ornata  Whitley,  1951;  AMS  1.26707-001  1 specimen,  south  bank.  Lake  Merimbula,  300  m 
above  bridge,  NSW,  17  March  1976;  AMS  1.27222-001  3 specimens,  Shelley  Beach,  north  of  Townsville, 
Queensland,  1978. 

Parachaeturichthys polynema  1853);  PJM  (1  male,  76.5  mm  SL,  4females,  63.5-84.2  mm  SL), 

Plover  Cove,  Hong  Kong,  May  1967. 

Porogobius  sp.:  PJM  1 specimen.  Port  Hearcourt,  Nigeria. 

Silhouettea  dotui  (Takagi,  1957):  PJM  (1  female,  41.3  mm  SL),  Teradomari,  Santo-gun,  Niigata 
Prefecture,  Japan,  17  August  1980;  PJM  (1  male,  34.6  mm  SL),  Hichirinagahama,  Aomoki  Prefecture, 
Japan  I September  1980. 

Yongeichihys  caninus  (Cuvier  and  Valenciennes,  1837):  PJM  coll.  No.  5 (3  males,  83.6-92. 1 mm  SL,  2 
females,  84.5-88.9  mm  SL),  Thailand. 

Yongeichihys  criniger  (Cuvier  and  Valenciennes,  1837):  PJM  coll.  No.  0 (3  mates,  60.7-92.9  mm  SL); 
PJM  (1  male,  96.2  mm  SL,  4 females,  81.8-97.2  mm  SL),  Thailand. 
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A collection  of  freshwater  fishes  from  the  Kimberley  region 

of  Western  Australia 

Gerald  R.  Allen*  and  Ray  Leggettj 


Abstract 

Collections  of  freshwater  fishes  from  the  Kimberley  region  of  northwestern  Australia  are 
reported.  A series  of  5 1 sites  were  sampled  mainly  with  various  types  of  nets.  An  annotated  list 
of  the  27  species  collected  is  presented.  Discussion  concerning  the  composition,  origin,  and 
high  percentage  of  endemism  of  the  Kimberley  ichthyofauna  is  included. 


Introduction 

Until  recent  times  a knowledge  of  the  freshwater  fish  fauna  of  Australia  was  far  from 
complete.  Thanks  to  important  revisions  of  certain  key  groups  this  problem  is  partially 
rectified.  Notable  in  this  regard  are  reviews  of  Galaxiidae  ( McDowall  and  Frankenburg 
1981),  Atherinidae  (Ivantsoff  1978),  Melanotaeniidae  (Allen  and  Cross  1982), 
Pseudomugilidae  (Said,  Ivantsoff,  and  Allen  in  press),  Ambassidae  (Allen  and  Burgess 
in  press),  Terapontidae  (Vari  1978),  and  certain  eleotridid  genera  (Hoese  and  Allen  1983 
and  1987).  In  addition  two  recent  books  (Merrick  and  Schmida  1984;  Allen  1989) 
summarised  the  entire  Australian  fauna.  Nevertheless  there  remains  a need  for  detailed 
regional  studies,  particularly  in  remote  areas  of  the  far  north.  There  is  still  much  to  learn 
concerning  the  distributional  limits  of  the  northern  species  and  especially  about  their 
biology.  Moreover,  there  are  probably  a few  undescribed  species  that  await  discovery, 
judging  from  recent  collections.  The  Kimberley  region  of  north-western  Australia  is  one 
area  in  particular  that  is  worthy  of  study.  Previous  expeditions  to  the  Prince  Regent, 
Drysdale,  and  Mitchell  rivers  have  resulted  in  the  discovery  of  15  new  species  (Allen 
1975c;  Hutchins  1977  and  1981).  Equally  important,  these  studies  reveal  that  the 
Kimberley  represents  an  important  biological  province  characterised  by  a significant 
portion  of  endemic  species. 

The  present  paper  reports  collections  made  over  a wide  area  (Figure  I)  of  the 
Kimberley  region  by  R.  Leggett  with  the  assistance  of  G.  Heidke  during  July-August 
1986.  The  trip  was  achieved  by  use  of  a 4-wheel  drive  vehicle  and  collections  in  larger 
waterholes  were  aided  by  a 2.4  metre  aluminium  boat.  Many  previously  unsampled  sites 
were  visited  and  the  collections  therefore  yielded  useful  distributional  data  and  at  least 
two  undescribed  species. 


Methods 

Fish  specimens  were  collected  with  several  types  of  nets.  An  8 mm-mesh  seine  measuring 
eight  metres  in  length  was  used  mainly  over  sand  and  rock  bottoms,  both  during  the  day 
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and  at  night.  Occasionally  bait  was  placed  in  the  centre  of  the  net  and  it  was  then  hauled 
3-4  hours  later,  usually  after  dark.  This  method  was  particularly  effective  for  catching 
terapontids  and  plotosids.  Gill  nets  of  variable  mesh  size  (20  mm,  60  mm,  75  mm,  and 
100  mm)  were  set  at  night.  A dig  net  (named  after  the  digging  action)  was  used  to  collect 
along  stream  banks  and  amongst  log  snags  and  aquatic  plants.  This  was  a 45  x 75  cm 
steel  frame  with  fly-screen  mesh,  attached  to  a metal  pipe  handle.  It  was  generally  used  at 
night  with  a head  torch,  Rotenone  powder  was  utilised  on  a few  occasions  when  it  was 
impractical  to  use  other  methods.  A fishing  rod  and  a variety  of  spinners  and  fish  bait 
was  also  used,  particularly  for  larger  terapontids. 

The  station  data  for  5 1 of  63  sites  visited  is  presented  below.  Certain  stations  (i.e.  1 , 20, 
31,  etc.)  are  omitted  if  no  fishes  were  collected.  The  collectors  for  all  stations  were  R. 
Leggett  and  G.  Heidke,  except  59-61  were  obtained  by  R.  Leggett  alone. 

Measurements  of  pH  were  recorded  with  a bromythymal  blue  test  kit  (range  5. 5-8.5) 
and  total  water  hardness  values  (TH)  were  obtained  with  a titration  test  that  gave  the 
measurement  in  ppm  CaCo3. 

Specimens  are  deposited  at  the  Queensland  Museum  (subsequently  abbreviated  QM). 
In  the  list  of  species  presented  below  abbreviated  literature  citations  are  given  for  the 
original  description  and  its  coverage  in  Allen’s  “Inland  Fishes  of  Western  Australia” 
(1982),  which  also  refers  to  a colour  photograph  of  most  species.  Complete  literature 
citations  are  given  in  the  references  section  at  the  end  of  the  paper.  Annotations  for 
individual  species  include  number  of  specimens  collected,  their  size  range,  and  overall 
geographic  distribution.  Additional  information  is  provided  under  the  first  species 
within  a particular  family  regarding  recent  taxonomic  studies  and  the  number  of 
representatives  in  the  Australia-New  Guinea  region. 


List  of  Stations 

(2)  Palm  Springs,  Fitzroy  River  system  ( 18M2'S,  I26^52T),  10  July  1986;  dig  net  along 
banks  and  with  head  torch  at  night  and  seine  net  over  sand  and  rock  bottom,  depths  to 
75  cm;  water  clear,  slight  flow,  24^C,  TH  70  ppm,  pH  7.4. 

(3)  Geikie  Gorge,  Fitzroy  River,  km  upstream  from  National  Park  boundary 
(18W'S,  I25M5'E);  12  July  1986;  seine  net  over  mud  and  sand  bottom,  depths  to  I m; 
water  clear,  no  flow,  24^C,  TH  70  ppm,  pH  7.4. 

(4)  Waterhole  200  m downstream  from  bridge  over  Fitzroy  River,  13  km  from 
Derby-Fitzroy  crossing  road  junction  on  Broome  road(I7M5'S,  123*^39^);  13  July  1986; 
seine  net  over  mud  bottom,  depths  to  60  cm;  water  muddy  (Secci  disc  90  mm),  no  flow; 
26‘C;  TH  80  ppm,  pH  7.4. 

(5)  Small  isolated  pools  in  salt  marsh  delta  of  Fitzroy  River  (17^32'S,  123^35T);  13 
July  1986;  seine  net  over  mud  bottom,  depths  to  30  cm;  water  muddy  (Secci  disc  120 
mm),  slightly  saline,  no  flow,  26‘C. 

(6)  Stewart  River  at  Kimbolton  Station  road  crossing  (I6M4'S,  125^54'E);  15  July 
1986;  seine  net  over  sand  bottom,  depths  to  1.5  m,  dig  net  along  banks;  water  clear,  slight 
flow,  240c,  TH  30  ppm,  pH  7.0. 
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(7)  Keightly  River,  60  m downstream  from  Kimbolton  Station  road  crossing  ( 1 6M4'S, 
123«59'E);  16  July  1986;  dig  net  over  sandy  bottom,  depths  to  50  cm;  also  rotenone  in 
small  isolated  waterhole  to  side  of  main  channel;  water  clear,  medium  flow,  25^0,  T H 30 
ppm,  pH  7.0. 

(8)  May  River, shallow  waterholeon  Meda  Station (17^23'S,  124*^02'E);  17  July  1986; 
seine  net  over  mud  and  shale  bottom,  depths  to  1 m;  water  turbid  (Secci  disc  600  mm),  no 
flow,  28«C,  TH  25  ppm,  pH  7.8. 

(9)  Lennard  River,  Meda  River  System,  Snow’s  waterhole  on  Kimberley  Downs 
Station  (17«2rS,  124«2rE),  18-19  July  1986;  seine  net,  depths  to  1.5  m,  dig  net  along 
banks,  50  mm  and  100  mm  gill  nets  set  across  waterhole  at  night  (5  pm  to  9 pm),  and 
head  torch  with  dip  net;  bottom  mud  and  sand  bottom;  water  turbid  (Secci  disc  800 
mm),  no  flow,  24*^C,  TH  40  ppm,  pH  7.8. 

(10)  Barker  River,  Meda  River  System  of  Mt.  Hart  Station  (16‘^50'S,  124^55'E);  20 
July  1986;  seine  net  over  sand  and  rock  bottom,  depths  to  1 m,  20  mm  and  50  mm  gill 
nets  set  across  river  at  night  (5  pm  to  7 am),  and  head  torch  with  dip  net;  water  clear, 
slight  flow,  240C,  TH  10  ppm,  pH  7,0. 

( 1 2)  Concrete  culvert  on  Gibb  River  road  at  Saddle  Spring,  tributary  of  Grave  Creek, 
Isdell  River  System  ( 1 7«09'S,  1 25«28T);  22  J uly  1 986;  rotenone  and  dip  net;  water  clear, 
slight  flow,  24^C,  TH  10  ppm,  pH  7.2. 

(13)  Adcock  River,  Fitzroy  River  System,  at  Lungra  Yards  on  Mt.  House  Station 
( 1 7^  1 3'S,  1 25M9T);  23  July  1 986;  seine  net  over  sand  and  rock  bottom,  depths  to  75  cm, 
rotenone  and  dip  nets  with  head  torch;  water  clear,  no  flow,  22*^C,  TH  50  ppm,  pH  7.2. 

(14)  ‘Fishole’,  northwest  of  Clancy’s  Yard  on  Mt.  House  Station,  Isdell  River  System 
(17'WS,  125‘^30T);  24-26  July  1986;  seine  net  over  sand  and  rock  bottom  with  bait, 
depths  to  1.5  m,  dig  net  along  bank,  75  mm  and  100  mm  gill  nets  set  across  waterhole  at 
night  (5  pm  to  10:30  pm),  head  torch  and  rotenone;  water  clear,  medium  flow,  22‘^C,  TH 
30  ppm,  pH  7.2. 

( 1 5)  Galvan’s  Gorge,  Isdell  River  System,  1 km  downstream  from  gorge  and  waterfall 
( 16M8'S,  125M6'E);  26  July  1986;  depths  to  50  cm;  water  clear,  slight  flow,  26«C,  TH  5 
ppm,  pH  7.2. 

(16)  Junction  of  Hann  and  Barnett  rivers,  Fitzroy  River  system  (16‘^5rS,  126‘>03T); 
27-28  July  1986;  seine  net  with  bait,  depths  to  1 m (night  and  day),  75  mm  gill  net  set 
across  river  (2-7  pm)  and  head  torch;  bottom  sand  and  rock;  water  in  Barnett  R.  clear, 
Hann  R.  turbid  (Secci  disc  900  mm),  slight  flow'  in  both  rivers,  26‘C  and  TH  5 ppm,  pH 
7.0  in  both  rivers. 

(17)  Calder  River,  250  m upstream  from  mustering  track  at  Mt.  Elizabeth  Station 
(16<>03'S,  125*^13'E);  28-31  July  1986;  seine  net  with  bait,  depths  to  1 m (night  and  day), 
dig  net  along  bank,  fishing  rod,  head  torch  and  rotenone;  sand  bottom  with  large  rocks; 
water  clear,  medium  flow,  22^C,  TH  2 ppm,  pH  7.0. 

( 1 8)  Sale  River,  3 km  from  Pantijan  Station  along  airstrip  road  ( 1 5^57'S,  1 25^^04^);  3 1 
July  1986;  seine  net  over  sand  and  rock  bottom,  depths  to  1 m;  water  clear,  slight  flow, 
220C,  TH  10  ppm,  pH  7.0. 
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(19)  Tributary  of  Sale  River,  6km  south  of  Pantijan  Station  on  track  to  Calder  River 
(16‘WS,  12505'E);  31  July  1986;  dig  net  on  sandy  bottom,  depths  to  50  cm;  water  clear, 
no  flow,  22®C,  TH  10  ppm,  pH  7.0. 

(21)  Ray’s  Swamp,  Calder  River  system,  small  swampy  water  holes  on  both  side  of 
track,  15  km  east  of  Calder  River  Camp  ( 1 600 1 'S,  1 25o  1 5'E);  2 August  1 986;  dig  net  over 
mud  bottom,  depths  to  1.5  m;  water  clear  with  slight  tea  colour,  no  flow,  25'’C,  TH  0 
ppm,  pH  6.2. 

(22)  Bashsten  Creek,  Calder  River  system,  on  Mt.  Elizabeth  Station  mustering  track 
(16oorS,  125°18'E);  2 August  1986;  dig  net  over  sand  bottom,  depths  to  50  cm;  water 
clear,  slight  flow,  23«C,  TH  0 ppm,  pH  7.0. 

(23)  Pearson  River,  Charnley  River  system,  on  Calder  River  Mt.  Elizabeth  Station 
track  (16‘'02'S,  125°36'E);  3 August  1986;  dig  net  over  sand  and  rock  bottom  amongst 
plants,  depths  to  1 m;  head  torch  and  rotenone;  water  clear,  slight  flow,  22  C,  TH  0 ppm 
pH  6.8. 

(24)  Maudie  Creek,  Charnley  River  system,  on  Calder  River  Mt.  Elizabeth  Station 
track  ( 16''07'S,  125M6'E);  3-4  August  1986;  seine  net  with  bait  (night  and  early  morning) 
on  rock  plate  bottom;  water  clear,  medium  flow,  220C,  TH  0 ppm,  pH  7.0. 

(25)  Gibb  River,  Drysdale  River  system,  at  Kalumburu  Road  crossing  (16®irS, 
126®3rE);  4 August  1986;  seine  net  over  sandy  bottom,  depths  to  I m;  water  slightly 
turbid,  very  slight  flow,  230C,  TH  0 ppm,  pH  7.0. 

(26)  Drysdale  River,  southeast  corner  of  Doongan  Station  (15''28'S,  126«39'E);  4-6 
August  1986;  dig  net  amongst  plants,  20  mm  gill  net  set  in  water  hole,  head  torch  and 
fishing  rod;  water  clear,  medium  flow.  23‘’C,  TH  15  ppm,  pH  7.4. 

(27)  Tributary  of  Carson  River,  second  creek  south  from  Old  Doongan  Station  on 
road  to  Doongan  Station  (15‘^21'S,  I26'’31'E);  7 August  1986;  seine  net  over  sand  and 
rock  bottom,  depths  to  1 m;  water  turbid  (Secci  disc  600  mm),  no  flow,  200C,  TH  10 
ppm,  pH  7.0. 

(28)  Waterhole  on  Carson  River  (15“20'  S,  126035'E);  7 August  1986;  dig  net  along 
banks,  mud  bottom;  water  muddy  (Secci  Disc  300  mm),  no  flow,  240C,  TH  10  ppm  pH 
7.0. 

(29)  Creek  at  Drysdale  River  trucking  yard  off  Kalumburu  Road,  Drysdale  River 
system  (15“36'S,  I26“21'E);  8 August  1986;  dig  net  over  sandy  bottom,  depths  to  1 m; 
water  clear,  very  slight  flow,  210C,  TH  0 ppm,  pH  6.3. 

(30)  Monger  Creek,  10  km  west  of  Kalumburu  Settlement  at  track  crossing  (1 7**  17'S, 
126'G3'E);  10  August  1986;  seine  net,  depths  to  1.5  m over  gravel  bottom,  dig  net  aong 
banks,  and  fishing  rod;  water  clear,  medium-strong  Dow,  23”C,  TH  10  ppm,  pH  6.8. 

(32)  King  Edward  River  at  Monger  Creek  track  crossing  (14  18'S,  126  38'E);  10 
August  1986;  dig  net,  depths  to  1 m along  banks;  rock  and  sand  bottom,  water  clear, 
strong  flow,  210C,  TH  5 ppm,  pH  7.0. 

(33)  Dominic  Creek  (M^'IO'S,  126“42'E);  1 1 August  1986;  seine  net  at  depths  to  1 m 
and  dig  net  along  banks;  rock  and  sand  bottom;  water  clear,  no  flow,  27“C,  TH  0 ppm, 
pH  6.4. 
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(34)  Small  creek  adjacent  to  Pago  Ruins,  above  rock  bar  (HOST'S,  126043'E);  11 
August  1 986;  dig  net  along  banks,  depths  to  1 m;  rock  and  sand  bottom;  water  clear,  no 
flow,  270C,  TH  0 ppm,  pH  6.5. 

(37)  Sandz  Crossing  on  Drysdale  River  ( 14026'S,  126«52'E);  12  August  1986;  seine  net 
with  bait  at  night,  head  torch,  and  fishing  rod;  sand  and  rock  bottom;  water  clear, 
medium  flow,  26‘’C,  TH  10  ppm,  pH  7.0. 

(38)  King  George  River  at  top  of  Gorge  Falls,  small  pools  in  rock  ( 14003'S,  127«19'E); 
13  August  1986;  seine  net,  depths  to  1 m over  rock  bottom,  dig  net  and  rotenone;  water 
clear,  no  flow,  26®C,  TH  0 ppm,  pH  7.0. 

(40)  Lagoon,  King  George  River  system,  10  km  inland  on  track  to  beach  (14"03'S, 
127013'E);  15  August  1986;  seine  net,  depths  to  1.5m;  mud  and  leaves  over  sand  and  rock 
bottom;  water  clear,  but  slightly  stained,  no  flow,  24“C,  TH  0 ppm,  pH  6.0. 

(41)  Homestead  swimming  hole,  1 km  downstream  from  Carson  River  Station, 
Carson  River  system  ( 14<>29'S,  126»45'E);  16  August  1986;  seine  net  over  rocky  bottom, 
depths  to  1 m;  water  slightly  discoloured,  medium  to  strong  flow,  24'>C,TH  10ppm,pH 

7.6. 

(42)  Tributary  of  King  Edward  River,  8 km  south  of  Kalumburu  Road  and  Carson 
River  crossing  (14028'S,  126038'E);  16  August  1986;  dig  net  over  rocky  bottom,  depths  to 
35  cm;  water  clear,  slight  flow,  22‘’C,  TH  200  ppm,  pH  7.8. 

(43)  Rock  pools  in  Morgan  River,  Carson  River  system,  2 km  from  Theda  Station 
(I4»48'S,  126‘'29'E);  16  August  1986;  seine  net  over  rock  bottom,  depths  to  1 m;  water 
clear,  no  flow;  23®C,  TH  20  ppm,  pH  7.6. 

(44)  Camp  Creek,  Mitchell  River  system,  8 km  south  of  Mitchell  Plateau  Mining 
Camp  (14053'S,  125“47'E);  16  August  1986;  dig  net  along  banks,  depths  to  1 m;  silt  on 
gravel  bottom;  water  slightly  turbid  (Secci  disc  1.8  m),  medium  flow,  22“C,  TH  10  ppm, 
pH  6.4. 

(45)  Above  Merten’s  Falls,  Mitchell  River  ( 14«48'S,  125«43'E);  17  August  1986;  seme 
net  over  sand  and  rock  bottom,  depths  to  1.5  m,  dig  net  amongst  plant  and  rocks;  water 
slightly  turbid  (Secci  disc  1.6  m),  slight  flow,  24«C,  TH  10  ppm,  pH  6.8. 

(46)  Crystal  Creek,  draining  into  Admiralty  Gulf  ( 14"30'S,  125'’46'E);  18  August  1986; 
seine  net  over  rock  bottoms,  depths  to  50  cm;  water  clear,  very  slight  flow,  260C,  TH  0 
ppm,  pH  7.6. 

(47)  Tributary  of  Mitchell  River,  creek  crossing  .5  km  east  of  Mining  Camp  of 
Mitchell  Plateau  Track  (14«52'S,  125053'E);  18  August  1986;  seine  net  over  rock  bottom, 
depths  to  1 m and  dig  net  along  banks;  water  clear,  medium  current,  24«C,  TH  10  ppm, 
pH  6.8. 

(48)  King  Edward  River  at  Mitchell  Plateau  Road  Crossing  (15007'S,  126‘'08'E);  19 
August  1986;  dig  net  amongst  plants  and  along  banks,  bottom  gravel,  depths  to  1 m; 
water  clear,  medium  flow,  TH  8 ppm,  pH  6.4. 

(49)  Drysdale  River,  at  Gibb  River  road  crossing  ( 1 5M 1 'S,  1 26“23'E);  20  August  1 986; 
seine  net  over  sand  bottom,  depths  to  1.5  m;  water  clear,  strong  flow,  23“C,  TH  0 ppm, 
pH  6.8. 
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(50)  Dawn  Creek,  Durack  River  system,  small  waterhole  on  upstream  side  of  Gibb 
River- Wyndham  Road  crossing  ( 1 5«59'S,  1 2TQ 1 'E);  20  August  1 986;  seine  net  over  rock 
bottom;  water  turbid  (Seed  disc  600  mm),  no  flow,  220C,  TH  20  ppm,  pH  7.6, 

(51)  Large  (4  x .5  km)  waterhole  on  Durack  River,  800  m downstream  side  of  road 
crossing  on  Wyndham  Road  (15056'S,  127013'E);  20  August  1986;  seine  net  with  bait 
(day  and  night)  over  rock  and  sand  bottom,  depths  to  1.5  m,  and  head  torch;  water 
turbid  (Seed  disc  600  mm),  no  flow,  240C,  TH  20  ppm,  pH  7.8. 

(52)  Chamberlain  Gorge,  Pentecost  River  system  (15059'S,  127055'E);21  August  1986; 
20  mm  gill  net  set  out  from  gorge  wall  ( 1-3  pm);  water  clear,  no  flow,  240C,  TH  10  ppm 
pH  8.0. 

(53)  Pentecost  River,  waterhole  (100  x 20  m),  2 km  downstream  from  El  Questro 
Station  (16®00'S,  127®59'E);  21-22  August  1986;  seine  net  with  bait  (day  and  night)  over 
rock  and  sand  bottom,  depths  to  1,5  m,  dig  net  along  banks  and  head  torch;  water  clear, 
no  flow,  25<’C,  TH  10  ppm,  pH  7.8. 

(54)  Pentecost  River,  track  crossing  300  m from  El  Questro  Station  (16001'S, 
127059^);  22  August  1986;  seine  net  over  rock  bottom,  depths  to  1 m and  dig  net  along 
banks;  water  clear,  medium  flow,  230C,  TH  10  ppm,  pH  7.8. 

(56)  Lake  Kununurra,  Ord  River  system,  at  ramp  near  caravan  park  (15M8'S, 
128041'E);  23  August  1986;  seine  net  over  mud  bottom,  depths  to  I m and  dig  net  in 
reeds;  water  clear,  no  flow,  250C,  TH  120  ppm,  pH  7.8. 

(59)  Tributary  of  Ord  River,  small  pool,  30  m downstream  from  ‘Grotto’  on 
Kununurra-Wyndham  Road(15»43'S,  128°I5'E);  26  August  1986;  dig  net,  depths  to  1.5 
m;  water  turbid  (Secci  disc  500  mm);  no  flow,  25"C,  TH  10  ppm,  pH  7.2. 

(60)  Shallow  waterhole.  King  River  system,  on  King  River  Dam  road,  18  km  from 
Wyndham  Road  ( 15"38'S,  I28'’05'E);  27  August  1986;  dig  net  amongst  plants,  depths  to 
I m;  mud  and  sand  bottom;  water  tea  coloured,  no  flow,  250C,  TH  1 10  ppm,  pH  7.8. 

(61)  Warringali  Creek,  Forrest  River  system,  20  m upstream  from  track  to  Forrest 
River  Aboriginal  Settlement  ( 1 5°  1 0'S,  1 2704 1 'E);  28  August  1 986;  dig  net,  depths  to  I m 
over  rock  and  sand  bottom  and  head  torch;  water  clear,  no  flow,  26“C,  TH  20  ppm  pH 
7.4. 


Annotated  List  of  Species 

Family  Clupeidae  — Herrings  or  Bony  Bream 

Nematalosa  ererbi  (Gunther) 

Chaloessus  erehi  Gunther  1868:  407  (Mary  River,  Queensland). 

Nematalosa  erehi.  Allen  1982:  29,  pi.  7. 

374  specimens:  20-139  mm  SL.  Sta.  2 (QM  22414).  2 specimens,  40-47  mm  SL;  Sta.  3 (QM  22415),  69 
specimens,  25-38  mm  SL;  Sta.  4 (QM  22423),  I89specimens,  16-85  mm  SL;  Sta.  4(QM  22426),  3 specimens, 
38-53  mm  SL;  Sta.  6(QM  22433),  I specimen,  1 39  mm  SL;  Sta.  8 (QM  22445),  1 1 specimens,  73-1 14  mm  SL; 
Sta.  8 (QM  22447),  I specimen,  38  mm  SL;  Sta.  9 (QM  22452),  9 specimens;  34-131  mm  SL;  Sta.  9 (QM 
22455),  12  specimens,  40-75  mm  SL;  Sta.  I4(QM  22480),  3 specimens,  67-83  mm  SL;  Sta.  16.  (QM  22486),  5 
specimens,  68-70  mm  SL;  Sta.  26  (QM  22518),  2 specimens,  97-99  mm  SL;  Sta.  37  (QM  22401),  12 
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specimens,  70-74  mm  SL;  Sta.  49  (QM  22587),  3 specimens,  89-90  mm  SL;  Sta.  50  (QM  22592),  15 
specimens,  20-72  mm  SL;  Sta.  50  (QM  22594),  9 specimens,  37-53  mm  SL;  Sta.  51  (QM  22598),  22 
specimens,  42-46  mm  SL;  Sta.  51  (QM  22599),  3 specimens.  39-66  mm  SL. 

The  Australian  herrings  of  the  genus  Nematalosa  were  reviewed  by  Nelson  and 
Rothman  (1973).  The  group  is  represented  by  three  freshwater  species  in  Australia  and 
southern  New  Guinea.  Nematalosa  erehi  is  widely  distributed  in  the  northern  two-thirds 
of  Australia  and  southern  New  Guinea. 

Family  Plotosidae  — Eel-tailed  Catfishes 

Neosilurus  hyrtlii  (Steindachner) 

Neosilurus  hyrtlii  Sttindachner  1867;  l4(Fit7Toy  River,  Queensland). 

Neosilurus  hyrtlii.  - Allen  1982:  35.  fig.  4 and  pi.  7. 

72specimens;  48-150  mm  SL.  Sta.  3 (QM  22420),  1 specimen,  !23  mm  SL;  Sta.  9(QM  22454),  1 specimen; 
99  mm  SL;  Sta.  I2(QM  22466),  15  specimens,  61-88  mm  SL;  Sta.  13  (QM  22470),  1 specimen,  94  mm  SL; 
Sta.  14  (QM  22476),  1 specimen,  150  mm  SL;  Sta.  15  (QM  22483),  1 specimen,  58  mm  SL;  Sta.  17  (QM 
22491),  4 specimens,  64-83  mm  SL;  Sta.  24(QM  22513).  28  specimens,  80-82  mm  SL;  Sta.  29  (QM  22529),  3 
specimens,  48-52  mm  SL;  Sta.  37  (QM  22553),  I specimen,  90mmSL;  Sta.  38  (QM  22557),  I specimen,  57 
mmSL;  Sta.  44(QM  22572),  2 specimens,  69-70  mm  SL;  Sta.  5 1 (QM  22600),  I I specimens,  93-105  mmSL; 
Sta.  59  (QM  22619),  I specimen,  79  mm  SL. 

The  plotosid  catfishes  of  Australia  and  New  Guinea  are  currently  being  studied  by 
Feinberg  and  Allen.  Neosilurus  contains  four  species  which  are  restricted  to  northern 
and  central  Australia.  N.  hyrtlii  is  widely  distributed  across  the  northern  half  of  Australia 
from  the  Kimberleys  to  eastern  Queensland. 

Neosilurus  sp. 

Neosilurus  sp.  - Allen  1982:  36.  pi.  7. 

6 specimens,  90-130  mm  SL  (QM  22492.  Sta.  17). 

A new  species  that  has  been  collected  on  several  previous  expeditions.  It  is  one  of  two 
undescribed  species  characterised  by  a flexible  spine  at  the  beginning  of  the  dorsal  and 
pectoral  fins  (spine  stiff  and  sharp  in  other  plotosids).  The  species  will  be  described  by 
Feinberg  and  Allen.  Distributed  in  the  Kimberleys  and  adjacent  Northern  Territory. 

Family  Melanotaeniidae  — Rainbowfishes 

Melanotaenia  exquisita  Allen 

Melanotaenia  exquisita  Allen  1 978a:  97,  fig.  p.  96  (Edith  River,  Northern  Territory). 

41  specimens:  19-39  mm  SL.  Sta.  38  (QM  22556),  1 1 specimens,  20-39  mm  SL;  Sta.  40  (QM  22564),  30 
specimens.  19-32  mm  SL. 

Allen  and  Cross  (1982)  reviewed  the  melanotaeniids.  It  is  the  largest  family  of 
freshwater  fishes  that  is  entirely  restricted  to  the  Australia-New  Guinea  region, 
containing  about  50  species  in  seven  genera.  Melanotaenia  exquisita  was  previously 
known  only  from  the  Daly  and  Mary  river  systems  of  the  Northern  Territory.  Therefore, 
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the  specimens  from  the  King  George  system  represent  a new  record  for  Western 
Australia  and  a westward  extension  of  the  known  range  of  nearly  500  km. 

Melanotaenia  gracilis  Allen 

Melanotaenia  gracilis  Allen  1978a:  98,  fig.  p.  96  (Drysdale  River,  Western  Australia). 

1 049  specimens:  23-60  mm  SL.  Sta.  26 (QM  225 16),  60 specimens,  23-50  mm  SL;  Sta.  37 (QM  22402),  673 
specimens,  14-60  mm  SL;  Sta.  49  (QM  22585),  216  specimens,  25-60  mm  SL. 

Melanotaenia  gracilis  is  known  only  from  the  Drysdale  River  system  and  the  nearby 
King  Edward  system  in  the  eastern  Kimberley  region. 

Melanotaenia  nigrans  (Richardson) 

Atherina  nigrans  Richardson  1843:  180  (near  Darwin,  Northern  Territory). 

Melanotaenia  nigrans.  - Allen  and  Cross  1982:  53,  figs.  pp.  34  and  38. 

125  specimens:  15-53  mm  SL.  Sta.  33  (QM  22544),  97  specimens,  22-43  mm  SL;  Sta.  34  (QM  22547),  28 
specimens,  15-53  mm  SI.. 

This  species  was  previously  known  from  coastal  streams  of  the  Northern  Territory 
and  the  northern  half  of  Cape  York  Peninsula.  Therefore  the  specimens  from  the  vicinity 
of  Napier  Broome  Bay  constitute  a new  record  for  Western  Australia  and  a westward 
extension  of  the  distributional  range  of  about  500  km. 


Melanotaenia  splendida  australis  (Castelnau) 

Neoatherina  australis  Castelnau  1875:  32  (Western  Australia). 

Melanotaenia  splendida  australia.  - Allen  1982:  38,  pi.  8. 

1934  specimens:  10-66  mm  SL.  Sta.  2 (QM  22409),  83  specimens,  20-66  mm  .SL;  Sta.  6 (QM  22432),  5 1 
specimens,  14-45  mm  SL;  Sta.  7 (QM  22441 ),  7 1 specimens,  14-47  mm  SI.;  Sta.  8 (QM  22446),  7 specimens, 
41-49  mm  SL;  Sta.  9 (QM  22453),  37  specimens,  16-53  mm  SL;  Sta.  10  (QM  22459),  137  specimens,  29-61 
mmSL;Sta.  I2(QM  22465),  172  specimens,  20-60  mm  SL;  Sta.  1 3 (QM  22469),  1 29  specimens,  18-48  mm 
SL;  Sta.  14  (QM  22475),  47  specimens,  17-44  mm  SI.;  Sta.  1 5(QM  22482).  10  specimens,  1 7-36  mm  SL;  Sta. 
16  (QM  22484),  98  specimens,  33-54  mm  SL;  Sta.  17  (QM  22490),  191  specimens,  29-61  mm  SL;  Sta.  18 
(QM  22496),  16  specimens,  30-64  mm  SL;  Sta.  19  (QM  22497),  I specimen,  31  mm  SL;  Sta.  Sta.  21  (QM 
22501 ),  95  specimens,  10-35  mm  SL;  Sta.  22  (QM  22502),  9 specimens,  20-35  mm  SL;  Sta.  23  (QM  22506),  24 
specimens,  27-41  mm  SL;  Sta.  24  (QM  22514),  62  specimens,  24-25  mm  SI,;  Sta.  26  (QM  22515),  8 

specimens.  29-56  mm  SL;  Sta.  27  (QM  22524),  14  specimens,  27-38  mm  SL;  Sta.  28  (QM  22526),  2 

specimens,  21-23  mm  SL;  Sta.  29  (QM  22528),  16  specimens,  17-31  mm  .SL;  Sta.  30  (QM  22533),  62 

specimens,  17-57  mm  SL;  Sta.  30  (QM  22541),  3 specimens,  39-62  mm  SL;  Sta.  38  (QM  22555),  95 

specimens,  25-57  mm  SL;  Sta.  42  (QM  22567),  42  specimens,  22-47  mm  SL;  Sta.  43  (QM  22569),  32 

specimens,  23-40  mm  SL;  Sta.  44  (QM  22571),  68  specimens,  20-56  mm  SL;  Sta.  45  (QM  22576),  51 

specimens,  22-52  mm  SL;  Sta.  46  (QM  22579),  15  specimens,  31-39  mm  SL;  .Sta.  47  (QM  22582),  10 

specimens,  22-49  mm  SL;  Sta.  48  (QM  22583),  28  specimens.  20-46  mm  SL;  Sta.  49  (QM  22584),  40 

specimens,  29-57  mm  SL;  Sta.  50  (QM  22592),  60  specimens.  30-52  mm  SL;  .Sta.  51  (QM  22596),  49 

specimens,  30-58  mm  SL;  Sta.  54  ^QM  22609),  10  specimens.  28-60  mm  SL;  Sta.  55  (QM  22610),  29 

specimens,  26-62  mm  SL;  Sta.  59  (QM  22618),  4 specimens,  38-40  mm  SL;  Sta.  60  (QM  22620),  6 specimens, 
13-35  mm  SL. 
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Four  subspecies  of  Melanotaenia  splendida  occur  in  northern  and  central  Australia 
and  a fifth  inhabits  southern  New  Guinea.  M.  splendida  australis  is  distributed  in 
northern  Western  Australia  north  of  the  Ashburton  River  (about  24‘^00'S)  and  the 
northwestern  part  of  the  Northern  Territory.  It  is  extremely  abundant  throughout  the 
Kimberley  region. 


Family  Atherinidae  — Hardyheads 

Craterocephalus  helenae  Ivantsoff,  Crowley  and  Allen 

Craterocephalus helenae  Ivantsoff,  Crowley  and  Allen  1987:  1 77,  fig.  3 (Drysdale  River,  Western  Australia). 
Craterocephalus  sp.  A.  - Allen  1982:  40,  pi.  9. 

149  specimens:  25-69  mm  SL.  Sta.  26(QM  22517).  3 specimens,  52-57  mm  SL;  Sta.  37  (QM  22400),  143 
specimens,  25-69  mm  SL;  Sta.  49  (QM  22586),  3 specimens,  59-63  mm  SL. 

Ivantsoff  (1978)  reviewed  Craterocephalus,  a genus  restricted  to  the  Australia-New 
Guinea  region  and  containing  about  15  marine  and  freshwater  species.  C.  helenae  is 
known  only  from  the  Drysdale  River  system  in  the  eastern  Kimberley  district. 

Craterocephalus  lentiginosus  Ivantsoff,  Crowley  and  Allen 

Craterocephalus  lentiginosus  Ivantsoff,  Crowley  and  Allen  1987:  175,  fig.  2 (Roe  River,  Western  Australia). 
Craterocephalus  sp.  B.  - Allen  1982:  41,  pi.  9. 

34  specimens:  12-42  mm  SL.  Sta.  3 (QM  22417),  22  specimens,  12-30  mm  SL;  Sta.  4 (QM  22424),  3 
specimens,  38-42  mm  SL;  Sta.  5 (QM  22431),  1 specimen,  39  mm  SL;  Sta.  32  (QM  22542),  8 specimens, 
19-27  mm  SL. 

This  species  was  previously  known  only  from  streams  within  the  Prince  Regent  River 
Reserve  in  the  western  Kimberley  district.  The  specimens  from  the  Fitzroy  system 
therefore  extend  the  range  southwards  by  about  300  km. 

Quirichthys  stramineus  (Whitley) 

Quiris  stramineus  Whitley  1950;  239  (Katherine  River,  Northern  Territory). 

Quirichthys  stramineus.  - Allen  1982:  41,  pi.  9. 

103  specimens:  25-46  mm  SL.  Sta.  2 (QM  22410),  5 specimens,  25-45  mm  SL;  Sta.  56  (QM  22614),  98 
specimens,  10-46  mm  SL. 

The  monotypic  Quirichthys  is  known  only  from  a few  northern  Australian  river 
systems  including  the  Ord  of  Western  Australia,  the  Victoria,  Daly,  and  Katherine  of  the 
Northern  Territory,  and  the  Gregory  of  Queensland. 

Family  Chandidae  — Glassfishes 

Ambassis  macleayi  Castelnau 

Ambassis  macleayi  Castelnau  1878:  43  (Norman  River,  Queensland). 

Ambassis  macleayi.  - Allen  1982:  44,  pi.  9. 

6 specimens:  16-37  mm  SL.  Sta.  30  (QM  22537),  4 specimens,  16-26  mm  SL;  Sta.  56  (QM  22615),  2 
specimens,  33-37  mm  SL. 
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The  22  species  of  chandids  inhabiting  Australia  and  New  Guinea  were  recently 
reviewed  by  Allen  and  Burgess  (in  press).  Ambassis  macleayi  is  widely  distributed  in 
rivers  of  northern  Australia  and  southern  New  Guinea  that  drain  into  the  Timor  and 
Arafura  seas,  and  the  Gulf  of  Carpentaria. 

Ambassis  mulleri  Klunzinger 

Ambassis  mulleri  Klunzinger  1879:  346  (Darwin,  Northern  Territory). 

Ambassis  agrammus.  * Allen  1982:  44,  pi.  9. 

521  specimens.  10-51  mm  SL.  Sta.  3 (QM  22416),  3 specimens,  10-29  mm  SL;  Sta.  4 (QM  22425),  5 
specimens,  27-30  mm  SL;  Sta.  6 (QM  22433),  141  specimens.  19-31  mm  SL;  Sta.  8 (QM  22450),  38 
specimens,  34-51  mm  SL;  Sta.  9 (QM  22456),  I specimen,  34  mm  SL;  Sta.  10  (QM  22463),  14  specimens, 
24-35  mm  SL;  Sta.  22 (QM  22504),  4specimens,  17-20  mm  SL;  Sta.  23 (QM  22509).  2 specimens;  28-3 1 mm 
SL;  Sta.  26(QM  22519),  1 specimen,  30  mm  SL;  Sta.  29(QM  22530),  9 specimens,  12-21  mm  SL;  Sta.  33 
(QM  22545),  97  specimens,  22-31  mm  SL;  Sta.  37  (QM  22554),  50  specimens,  23-35  mm  SL;  Sta.  38  (QM 
22558),  75  specimens,  10-35  mm  SL;  Sta.  44  (QM  22573),  7 specimens.  24-33  mm  SL;  Sta.  45  (QM  22577),  4 
specimens,  23-25  mm  SL;  Sta.  5 1 (QM  22597),  60  specimens.  25-37  mm  SL;  Sta.  53  (QM  22606).  I specimen, 
22  mm  SL;  Sta.  55 (QM  22612),  I specimen.  27  mmSL;  Sta.60(QM  22621),  7 specimens,  24-29  mmSL;  Sta. 
61  (QM  22624).  I specimen,  25  mm  SL. 

Most  recent  authors  have  referred  to  this  species  as  Ambassis  agrammus  Gunther,  but 
according  to  Allen  and  Burgess  (in  press)  the  two  are  distinct.  A.  agrammus  occurs  on 
Cape  York  Peninsula  and  in  coastal  streams  of  the  Northern  Territory;  it  is  also  found  in 
the  central  part  of  southern  New  Guinea.  A.  mulleri  ranges  throughout  the  Kimberley 
region  and  the  adjacent  Northern  Territory  (except  it  is  replaced  in  coastal  areas  by  A. 
agrammus).  It  also  occurs  in  central  Australia  including  the  Lake  Eyre  drainage  system. 


Family  Teraponidae  — Grunters 

Amniataba  percoides  (Gunther) 

Therapon  percoides  Gunther  1864:  374  (Fitzroy  River.  Queensland). 

Amniataba  percoides.  - Allen  1982:  46,  pi.  10. 

73  specimens:  13-86  mm  SL.  Sta.  2 (QM  22413)  4,  specimens,  38-51  mm  SL;  Sta.  3 (QM  22419),  5 
specimens,  13-86  mm  SL;  Sta.  4 (QM  22427),  1 specimen,  60  mm  SL;  Sta,  6 (QM  22436),  13  specimens, 
39-60  mm  SL;  Sta.  10(QM  22460),  6 specimens.  46-61  mmSL;  Sta.  30  (QM  22535).  3 specimens.  21-44  mm 
SL;Sta.  32  (QM  22543),  9 specimens,  17-24  mm  SL;  Sta.  37  (QM  22405),  6 specimens.  22-7 1 mmSL;  Sta.  41 
(QM  22566),  1 1 specimens,  25-74  mm  SL;  Sta.  46  (QM  22580),  3 specimens,  35-37  mm  SL;  Sta.  49  (QM 
22588),  I specimen,  63  mm  SL;  Sta.  51  (QM  22602),  1 specimen,  68  mm  SL;  Sta.  53  (QM  22607),  10 
specimens,  32-70  mm  SL. 

Vari  (1978)  reviewed  the  Indo-Pacific  Terapontidae.  Six  genera  and  33  species  are 
restricted  to  fresh  waters  of  Australia  and  New  Guinea.  Amniataba  percoides  is  one  of 
the  most  widely  distributed  freshwater  species,  ranging  across  the  northern  half  of 
Australia. 

Hannia  greenwayi  Vari 

Hannia  greenwayi  Vari  1978:  244(Hann  River,  Western  Australia). 

Hannia  greenwayi.  - Allen  1982:  46,  pi.  10. 
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99  specimens:  41-101  mm  SL.  Sta.  14  (QM  22478),  6 specimens,  87-101  mm  SL;  Sta.  17  (QM  22488),  93 
specimens,  41-82  mm  SL. 

The  monotypic  Hannia  was  previously  known  from  a single  collection  of  101 
specimens  taken  in  the  Hann  River  (Fitzroy  River  system)  in  the  central  Kimberley 
region.  The  specimens  from  the  Calder  and  Isdell  systems  increase  the  range  north- 
westward by  about  130  km. 


Hephaestus  jenkinsi  (Whitley) 

Mesopristes  jenkinsi  Whitley  1945;  26  (Ord  River,  Western  Australia). 

Hephaestus  jenkinsi.  - Allen  1982:  47,  pi.  10. 

1 16  specimens:  35-183  mm  SL.  Sta.  9 (QM  22457),  27  specimens,  39-90  mm  SL;  Sta.  10  (QM  22462),  2 
specimens,  49-127  mm  SL;  Sta.  13  (QM  22471),  13  specimens,  35-50  mm  SL;  Sta.  17  (QM  22487),  79 
specimens,  35-183  mm  SL;  Sta.  23 (QM  22505),  I specimen,  52  mm  SL;  Sta.  24 (QM  225 1 2),  I specimen,  42 
mm  SL;  Sta.  30  (QM  22538).  1 specimen.  140  mm  SL,  Sta.  49  (QM  22590),  6 specimens,  44-58  mm  SL. 

The  genus  Hephaestus  is  represented  by  four  Australian  species  (two  shared  with  New 
Guinea)  and  seven  New  Guinean  species.  H.  jenkinsi  is  mainly  confined  to  the  Kimberley 
region,  but  also  occurs  in  a small  portion  of  the  adjacent  Northern  Territory. 

Leiopotherapon  unicolor  (Gunther) 

Therapon  unicolor  Gunther  1859:  277  (Gwydir  River  and  Darling  Downs,  New  South  Wales). 
Leiopotherapon  unicolor.  - Allen  1982:  49,  pi.  10. 

325  specimens;  29-1  17  mm  SL.  Sta.  2 (QM  22412),  5 specimens,  53-74  mm  SL;  Sta.  3 (QM  22418),  4 
specimens,  54-89  mm  SL;  Sta.  8(QM  22448),  2 specimens,  96-103  mm  SL;  Sta.  9(QM  22458),  1 2 specimens, 
47-82  mm  SL;  Sta.  10 (QM  22461),  21  specimens,  43-102  mm  SL;  Sta.  I2(QM  22467),  28  specimens,  35-84 
mm  SL;  Sta.  13(QM  22472),  6 specimens,  45-64  mm  SL;  Sta.  14 (QM  22479),  1 I specimens,  51-82  mm  SL; 
Sta.  16  (QM  22485),  35  specimens,  32-137  mm  SL;  Sta.  17  (QM  22489).  78  specimens.  35-1 16  mm  SL;  Sta. 
18  (QM  22495),  5 specimens,  47-70  mm  SL;  Sta.  19  (QM  22498),  1 specimen.  65  mm  SL;  Sta.  23  (QM 
22508),  8 specimens,  40-98  mm  SL;  Sta.  24 (QM  22510),  1 4 specimens,  38-1 12  mm  SL;  Sta.  26 (QM  22520),  6 
specimens,  70-102  mm  SL;  Sta.  28  (QM  22527),  3 specimens,  39-87  mm  SL;  Sta,  29  (QM  22532),  4 
specimens,  39-105  mm  SL;  Sta.  33  (QM  22546),  26  specimens,  31-75  mm  SL;  Sta.  37  (QM  22403),  20 
specimens.  43-1 17  mm  SL;  Sta.  42  (QM  22568),  1 specimen,  44  mm  SL;  Sta.  43  (QM  22570),  5 specimens, 
36-80  mm  SL;  Sta.  44 (QM  22574),  3 specimens,  29-3!  mm  SL;  Sta.  46 (QM  22581),  6 specimens,  42-54  mm 
SL;  Sta.  49  (QM  22589),  1 specimen,  72  mm  SL;  Sta.  50  (QM  22592),  I specimen,  44  mm  SL;  Sta.  51  (QM 
22603),  16  specimens.  43-101  mm  SL. 

This  is  one  of  the  most  widely  distributed  freshwater  fishes  in  Australia.  It  occurs  in 
most  drainage  systems  throughout  the  northern  two-thirds  of  the  continent.  It  appears 
to  survive  drought  periods,  possibly  by  either  burrowing  or  perhaps  by  laying  drought- 
resistant  eggs,  but  conclusive  data  is  lacking. 

Syncomistes  butleri  Vari 

Syncomistes  butleri  Vari  1978:  31 1 (Lilly  Lagoon,  Northern  Territory). 

Syncomistes  butleri.  - Allen  1982:  50,  pi.  11. 

1 specimen:  121  mm  SL  (QM  22604,  Sta.  52). 
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The  genus  Syncomistes  contains  four  species  of  algal  feeding  teraponids  that  inhabit 
the  Kimberley  region  and  adjacent  Northern  Territory  eastward  to  Arnhem  Land.  5. 
butleri  is  known  from  the  eastern  Kimberley  and  north-western  Northern  Territory  to 
the  South  Alligator  River. 

Syncomistes  rastellus  Vari  and  Hutchins 

Syncomistes  rastellus  Vari  and  Hutchins  1978:  I (tributary  of  Gibb  River,  Western  Australia. 
Syncomistes  rastellus.  - Allen  1982;  51,  pi.  II. 

7 specimens:  40-102  mm  SL.  Sta  26  (QM  22522),  2 specimens,  91-102  mm  SL;  Sta.  49  (QM  22591),  5 
specimens,  40-59  mm  SL. 

This  species  is  known  only  from  the  Drysdale  River  system  in  the  eastern  Kimberley 
district.  Prior  to  the  1986  collections  only  24  specimens  had  been  collected. 

Syncomistes  trigonicus  Vari 

Syncomistes  trigonicus  Vari  1978:  316  (Wyulda  Creek,  Western  Australia). 

Syncomistes  trigonicus.  - Allen  1982:  52,  pi.  II. 

3 specimens;  89-101  mm  SL  (QM  22521,  Sta.  26). 

This  species  is  known  only  from  the  northern  portion  of  the  Kimberley  region  between 
the  Prince  Regent  and  Drysdale  river  systems. 

Family  Apogonidae  — Cardinalfishes 

Glossamia  aprion  (Richardson) 

Apogon  aprion  Richardson  1842;  16  (King  River,  Western  Australia). 

Glossamia  aprion.  - Allen  1982:  52.  pi.  12. 

10  specimens;  23-70  mm  SL.  Sta.  30  (QM  22534),  5 specimens,  23-64  mm  SL;  Sta.  55  (QM  2261  I),  I 
specimen,  70  mm  SL;  Sta.  56  (QM  22616),  I specimen,  58  mm  SL;  Sta.  60  (QM  22622),  3 specimens,  40-42 
mm  SL. 

The  Apogonidae  are  primarily  coral  reef  fishes,  but  members  of  Glossamia  inhabit 
fresh  waters  of  Australia  and  New  Guinea.  G.  aprion,  the  only  Australian  representative, 
ranges  widely  across  the  north  and  southwards  along  the  eastern  coast  to  the  Clarence 
River  of  northern  New  South  Wales. 

Family  Toxotidae  Archerfishes 

Toxotes  chatareus  (Hamilton) 

Coius  chatareus  Hamilton  1822;  lOI  and  370  (Ganges  River,  India). 

Toxotes  chatareus.  - Allen  1982:  54,  pi.  12. 

21  specimens:  41-51  mm  SL.  Sta.  17  (QM  22594),  19  specimens,  35-51  mm  SL;  Sta.  19  (QM  22598),  2 
specimens,  41-46  mm  SL. 

Toxotidae  are  renowned  for  their  ability  to  knock  down  insects  from  overhanging 
vegetation  by  squirting  water  from  the  mouth.  Allen  (1978b)  reviewed  the  six  species  of 
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Toxotes,  the  only  genus,  which  are  mainly  confined  to  the  Indo-Australian  Archipelago, 
r.  chatareus  is  distributed  in  coastal  areas  and  sometimes  far  inland  throughout 
northern  Australia  between  the  Fitzroy  River,  Western  Australia  and  Townsville, 
Queensland.  It  also  ranges  widely  in  the  Indo-Australian  Archipelago,  and  westward  to 
India  and  Sri  Lanka. 


Toxotes  oligolepis  Bleeker 

Toxotes  oligolepis  Bleeker  1876;  162  (Molucca  Islands). 

Toxotes  oligolepis.  ~ Allen  1982:  54,  pi.  12. 

7 specimens:  39-74  mm  SL.  Sta.  4 (QM  22426),  3 specimens,  39-52  mm  SL;  Sta.  8 (QM  22447),  1 
specimen,  37  mm  SL;  Sta.  9 (QM  22455),  3 specimens,  42-74  mm  SL. 

This  species  is  known  from  the  Molucca  Islands,  Indonesia,  and  from  the  Fitzroy, 
Meda,  May,  and  Isdell  river  systems  in  the  western  Kimberley  region.  It  was  also 
recorded  from  western  New  Guinea  by  Allen  (1978),  but  the  specimens  were  re-identified 
as  T.  chatareus  by  Allen  and  Boeseman  (1982). 

Family  Eleotrididae  — Gudgeons 
Hypseleotris  kimberleyensis  Hoese  and  Allen 

Hypseleotris  kimberleyensis  Hoese  and  Allen  1983:  252  (Barnett  River,  Western  Australia). 

Hypseleotris  kimberleyensis.  - Allen  1982;  57,  pi.  13. 

27  specimens:  29-37  mm  SL  (QM  22493,  Sta.  17). 

Eleotrididae  is  one  of  the  largest  families  of  freshwater  fishes  in  the  Australia-New 
Guinea  region  with  approximately  50  species  and  many  others  that  are  partly  marine  in 
habit.  Hypseleotris  contains  nine  Australian  species;  those  from  Western  Australia, 
including  the  Kimberley  region  were  reviewed  by  Hoese  and  Allen  (1983).  H. 
kimberleyensis  was  previously  known  from  14  specimens  from  the  Barnett  River  and 
Manning  Creek  Gorge  in  the  central  Kimberley  district.  The  present  specimens  from  the 
Calder  River  extend  the  range  about  90  km  westward. 

Mogurnda  mogurnda  (Richardson) 

Eleotris  mogurnda  Richardson  1844:  4 (Port  Essinglon,  Northern  Territory). 

Mogurnda  mogurnda.  - Allen  1982;  59,  pi.  13. 

1 14  specimens:  10-65  mm  SL.  Sta.  6 (QM  22434).  28  specimens,  10-45  mm  SL;  Sta.  7 (QM  22442),  1 
specimen.  29  mm  SL;  Sta.  10  (QM  22464),  2 specimens,  33-52  mm  SL;  Sta.  17  (QM  22494),  6 specimens, 
22-46  mm  SL;  Sta.  1 9 (Q M 22499),  3 specimens,  1 7-30  mm  SL;  Sta.  2 1 (QM  22500),  8 specimens,  26-65  mm 
SL;  Sta.  22  (QM  22503),  10  specimens,  12-25  mm  SL;  Sta.  23  (QM  22507),  1 specimen.  40  mm  SL;  Sta.  24 
(QM  2251 1),  1 specimen.  28  mm  SL;  Sta.  27  (QM  22525),  I specimen,  35  mm  SL;  Sta.  29  (QM  22531),  6 
specimens,  10-48  mm  SL;  Sta.  30  (QM  22536),  1 specimen,  62  mm  SL;  Sta.  38  (QM  22559),  14  specimens, 
12-37  mm  SL;  Sta.  40 (QM  22565),  29  specimens.  20-35  mm  SL;  Sta.  44 (QM  22575),  3 specimens.  30-54  mm 
SL. 

Mogurnda,  in  the  broad  sense,  contains  about  22  species,  most  of  which  occur  in  fresh 
waters  of  New  Guinea.  The  genus  is  currently  being  studied  by  Allen  and  Hoese.  It  is 
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divisible  into  several  discrete  units  which  appear  to  be  deserving  of  at  least  subgeneric 
recognition;  only  one  of  these,  typified  by  M.  mogurnda,  occurs  in  Australia  where  it  is 
represented  by  five  species  (three  undescribed).  M.  mogurnda  ranges  widely  across 
northern  Australia  from  the  Kimberley  region  to  the  east  coast  of  northern  Queensland. 
It  also  occurs  in  the  Lake  Eyre  drainage  of  central  Australia. 

Oxyeleotris  sp.  1 

Oxyeleotris  tineolatus.  - Allen  1982:  60,  pi.  12. 

5 specimens:  46-144  mm  SL.  Sta.  3 (QM  22422),  1 specimen.  53  mm  SL;  Sta.  13  (QM  22474),  1 specimen, 
46  mm  SL;  Sta.  30(QM  22539),  2 specimens,  95-144  mm  SL;  Sta.  55  (QM  22613),  1 specimen,  93  mm  SL. 

The  identify  of  the  two  similar  species  of  large  (to  about  450  mm  SL)  Oxyeleotris 
inhabiting  northern  Australian  fresh  waters  has  caused  considerable  confusion.  The 
species  treated  here,  which  previous  authors  (including  Allen  1 982)  have  referred  to  as  O. 
lineolatus  is  probably  undescribed.  The  true  O.  lineolatus  was  referred  to  as  O. 
herwerdenii  by  Allen  ( 1 982).  Both  species  are  widely  distributed  in  northern  Australia. 

Oxyeleotris  sp.  2 

2 specimens:  90-100  mm  SL;  Sta.  7 (QM  22444). 

According  to  gobioid  specialist,  D.  F.  Hoese  of  the  Australian  Museum  this  fish  is  an 
undescribed  species  which  superficially  resembles  a species  of  Bostrichthys.  In  addition 
to  the  Keightly  River  specimens  reported  here,  the  species  has  been  collected  near 
Darwin. 


Family  Gobiidae  — Gobies 

Glossogobius  giurus  (Hamilton) 

Gohius  giurus  Hamilton  1822:  51  (Gangetic  Provinces,  India). 

Glossogobius  giurus.  - Allen  1982:  66,  pi.  20. 

148  specimens:  16-145  mm  SL;  Sta.  2 (QM  2241 1),  1 specimen,  42  mm  SL;  Sta.  3 (QM  22421),  29 
specimens,  48-78  mm  SL;  Sta.  4 (QM  22428),  40  specimens.  45-89  mm  SL;  Sta.  6 (QM  22435),  I specimen, 
44  mm  SL;  Sta.  8 (QM  22449),  69 specimens.  16-53  mm  SL;  Sla.  12(QM  22468),  I specimen.  72  mm  SL;  Sta. 
1 3 (QM  22473),  3 specimens,  46-69  mm  SL;  Sta.  14 (QM  2248 1 ).  5 specimens,  61- 145  mm  SI.;  Sta.  26  (QM 
22523).  2 specimens.  64-90  mm  SL;  Sta.  30  (QM  22540),  I specimen.  24  mm  SL;  Sta.  37  (QM  22404),  3 
specimens,  62-103  mm  SL;  Sta.  53  (QM  22608),  2 specimens,  22-46  mm  SL;  Sla.  56  (QM  22617),  2 
specimens,  29-111  mm  SL. 

Gobiidae  is  the  world’s  largest  family  of  marine  fishes  with  an  estimated  2,000  species. 
The  group  also  contains  many  brackish  and  freshwater  species.  Glossogobius  is  the 
largest  freshwater  genus  in  the  Australia-New  Guinea  region  with  approximately  30 
species,  including  many  that  are  undescribed.  The  genus  is  currently  being  studied  by 
Hoese  and  Allen.  G.  giurus  is  widely  distributed  in  the  Indo-west  Pacific  and  occurs 
throughout  northern  Australia. 
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Discussion 

The  freshwater  fish  fauna  of  Australia,  excluding  partial  estuarine  dwellers,  contains 
about  180  species  (Allen  in  press).  About  80%  of  these  fishes  are  endemic,  although 
many  are  shared  with  neighbouring  New  Guinea,  which  because  of  its  historical 
connection  with  the  Australian  landmass  can  be  considered  zoogeographically  as  part  of 
Australia.  Endemicity  is  also  significant  at  the  generic  level  (about  60%),  but  the  only 
endemic  families  are  Lepidogalaxiidae,  Ceratodidae  (lungfish),  Melanotaeniidae 
(rainbowfishes),  and  Pseudomugilidae  (blue-eyes).  The  northern  or  tropical  fauna 
contains  about  two-thirds  of  Australia’s  freshwater  fishes.  The  distribution  patterns  of 
the  majority  of  northern  fishes  can  be  divided  into  the  following  categories:  ( I ) northern 
Australia  and  central  part  of  New  Guinea  (see  Allen  and  Hoese  1980)  — 34  species;  (2) 
Kimberley  and  far  north  of  Northern  Territory  — 22  species;  (3)  eastern  Queensland 
— 16  species;  (4)  relatively  widespread  in  northern  Australia  — 13  species;  (5)  central 
Australia  — ! 1 species;  (6)  Gulf  of  Carpentaria  drainage  — 4 species.  Thus  the 
Kimberley  is  the  only  region  of  Northern  Australia  exhibiting  substantial  endemicity. 

Eighteen  of  48  species  or  approximately  38%  of  its  fishes  are  endemics  (Table  1).  The 
above  analysis  excludes  species  which  are  partly  estuarine  such  as  the  barramundi  (L^jre^ 
calcarifer)  and  a number  of  gobioid  fishes. 

Why  have  more  endemic  species  evolved  in  the  Kimberley  region  than  in  other  areas? 
Part  of  the  answer  to  this  question  may  be  found  in  its  rugged  topography  and  high 
rainfall,  the  latter  contributing  to  the  former  in  that  deeply  eroded  gorges  and  waterfalls 
are  effective  isolating  mechanisms.  Furthermore,  long  isolation  of  the  region  in  general  is 
evident  from  a glance  of  a topographic  map  of  Australia.  The  area  is  mostly  surrounded 
by  either  sea  or  low  relief  desert.  The  only  exception  is  the  relatively  narrow  corridor  of 
high  rainfall  that  connects  the  Kimberley  with  the  northernmost  section  of  the  Northern 
Territory.  However,  these  areas  might  have  been  separated  in  past  geological  eras  by 
such  phenomena  as  drought  or  marine  incursions. 

It  seems  likely  that  the  Kimberley  region  may  have  functioned  as  a refugia.  According 
to  Heatwole  (1987)  "the  cyclic  fluctuation  of  Australian  climate  in  the  late  Cainozoic, 
superimposed  upon  a generally  increasing  and  spreading  aridity,  provided  conditions 
under  which  refugia  played  an  important  role  in  the  distribution  and  speciation  of 
animals."  Therefore  the  the  wetter  Kimberley  region  could  have  served  as  refugia  that 
allowed  populations  to  survive,  and  further  speciate  when  surrounding  areas  became 
progressively  drier.  Within  the  Kimberley  region  itself  the  highly  dissected  landscape  has 
promoted  the  isolation  of  neighbouring  drainage  systems.  The  numerous  gorges  with 
their  large,  deep  permanent  waterholes  could  have  been  refugia  that  served  as  centres  of 
speciation  during  periods  of  fluctuating  environments.  Unfortunately  there  is  no  fossil 
information  that  would  facilitate  an  estimation  of  speciation  events  in  any  of  the 
Kimberley  fish  families. 

Four  families  are  involved  in  the  extensive  speciation  that  has  occured  in  Kimberley 
fishes:  (1)  Melanotaeniidae  — 2 endemics);  (2)  Atherinidae  - 2 endemics;  (3) 
Teraponidae  — 8 endemics;  and  (4)  Eleotrididae  — 6 endemics.  There  are  also  two 
endemic  genera  in  the  region:  the  terapontid  Hannia  Vari  and  the  eleotridid 
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Table  1 Summary  of  Freshwater  Fishes  of  the  Kimberley  Region 
(♦species  that  are  endemic  or  mainly  distributed  in  Kimberley  region  marked  with  asterisk) 


Family 

Species 

Anguillidae 

Clupeidae 

Ariidae 

Anguilla  bicolor  McClelland 

Nemaialosa  erebi  (Gunther) 

Arius  graeffei  Kner  & Sleindachner 

A.  midgleyi  Kailola  & Pierce 

Plotosidae 

Anodumiglanis  dahli  Rendahl 

Neosilurus  aier  (Perugia) 

Neosilurus  hynlii  (Stcindachner) 

Neosilurus  sp. 

Belonidae 

Melanotaeniidae 

Porochilus  rendahli  Whitley 

Sirongylura  kreffiii  (Gunther) 

Melanoiaenia  exquisiia  Allen 

* M.  gracilis  Allen 

M.  An'^rc//7.v  ( Richardson) 

* Nf.  pygmaea  Allen 

Ahterinidae 

M.  splendida  ausiralis  (Castelnau) 
*Craierocephalus  helenae  Ivanlsoff. 

Crowley  & Allen 
♦C.  leniiginosus  Ivanlsoff, 

Crowley,  & Allen 

Synbranchidae 

Chandidae 

Quirichthys  siramineus  (Whitley) 

Ophisiernon  guiturale  (Richardson) 

Ambussis  niacleavi  Castelnau 

Terapontidae 

A.  mulleri  Klun/inger 

Paramhassis  gulliveri  (Castelnau) 

Aniniafaha  percoides  (Gunther) 

* Hannia  greenw  ayi  Vari 

* Hephaesius  epirrbinus  Vari  & Hutchins 

* H.  jcnkinsi  (Whitley) 

* Leiopoiherapon  macrolepis  Vari 

L.  ww/Vo/or  (Gunther) 

* Syncomistes  hutleri  Vari 
♦.S',  kimbvrlevensis  Vari 
*S.  rastellus  Vari  & Hutchins 

Apogonidae 

foxoiidae 

*S.  trigonicus  Vari 

G'lossamia  aprion  (Richardson) 

Toxoies  chatareus  (Hamilton) 

T.  oligolepis  Blceker 

Eleotrididae 

Hypseleutris  compressa  (Kreffl) 

♦//.  ejuncida  Hoese  & Allen 
* H.  kimherleyensis  Hoese  & Allen 
*//.  regalis  Hoese  & Allen 
* Kimherleyeleotris  hutchinsi  Hoese  & Allen 
* K.  notaia  Hoese  & Allen 

Gobiidae 

Mogurnda  mogurnda  (Richardson) 

♦ Mogurnda  sp. 

Oxyeleotris  lineolatus  (Stcindachner) 

Oxyeleotris  sp.  1 

Osyeleotris  sp.  2 

Glossogobius  aureus  Akihilo  & Meguro 

G.  giurus  (Hamilton) 
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Kimberleyeleotris  Hoese  and  Allen.  All  of  the  endemic  species  appear  to  have  evolved 
from  the  same  ancestral  stock  as  fishes  that  have  their  primary  distribution  to  the  east  of 
the  Kimberley  region  and  therefore  the  general  dispersal  route  is  believed  to  have  been 
from  this  direction.  For  example,  the  endemic  teraponid  genus  Syncomistes  is  believed 
to  have  evolved  from  a common  ancestor  of  Pingalla,  represented  by  three  species  that 
are  distributed  in  north  coastal  drainages  of  the  Northern  Territory  and  Gulf  of 
Carpentaria  (Vari  1978). 
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Revision  of  Lerista  terdigitata  (Lacertilia  : Scincidae) 

G.M.  Storr* 

Abstract 

Lerista  terdigitata  was  found  to  consist  of  fourallopathc  species,  namely  L.  tridactyla  sp.  nov. 
of  the  south-eastern  interior  of  Western  Australia,  L.  terdigitata  (Parker)  of  southern  South 
Australia  west  of  the  Flinders  and  Mt  Lofty  Ranges,  L.  elongata  sp.  nov.  of  the  north-western 
interior  of  South  Australia,  and  L.  speciosa  of  the  far  north-west  of  South  Australia. 


Introduction 

In  my  revision  of  Lerista  (Storr  1972)  it  appeared  that  the  Western  Australian 
population  of  L.  terdigitata  was  isolated  and  morphologically  distinct  from  the  South 
Australian  population.  Subsequent  field  work  in  the  south-east  of  Western  Australia  has 
confirmed  the  extent  of  the  gap  (c.  800  km)  between  the  populations,  and  additional 
material  has  permitted  the  description  of  a western  species.  Meanwhile  Schwaner  and 
Edwards  (1985)  had  reported  a large  extension  of  known  range  in  South  Australia,  but 
their  arid-zone  specimens  proved  to  belong  to  two  new  species,  which  are  also  described 
herein. 

This  revision  is  based  on  material  in  the  Western  Australian  Museum  (WAM)  and 
specimens  kindly  loaned  by  the  South  Australian  Museum  (SAM),  Victorian  Museum 
(NMV)  and  Australian  Museum  (AM). 

Systematics 

Lerista  tridactyla  sp.  nov. 

Figure  1 

Holotype 

17422  in  Western  Australian  Museum,  collected  by  G.  M.  Storr  on  13  December  1962  at  Wonberna  Rock, 
Western  Australia,  in  32'»  36'S,  123"  45'E. 

Paratypes  (all  in  WAM) 

Eastern  Division  ( WA):  9 km  NNE  Buningonia  Spring  (65608)  and  3 km  SW  (65588,  65650);  30  km  N W 
Heartbreak  Ridge(65517).  Eucla  Division  A):  1 km  S Balladonia  Hotel  ( 1 7467);  !7  km  N Chariina  Rock 
(59853);  Mardabilla  Rock  (93810,  93835);  Coragina  Rock  (18197). 

Diagnosis 

A small  Lerista  with  3 fingers,  3 toes  and  movable  eyelids,  distinguishable  from  L. 
terdigitata  by  its  wider  and  sharper-edged  upper  lateral  stripe,  and  from  L.  elongata  by 
its  darker  coloration. 

Description 

Snout-vent  length  (mm):  43-56  (N  10).  Tail  (%  SVL):  85-100  (N  6). 

Nasals  in  short  to  moderately  long  contact  (N  7)  or  narrowly  separated  (3). 
Prefrontals  widely  separated.  Frontoparietals  in  contact  (N  9)  or  very  narrowly 


* C/o  Western  Australian  Museum,  Francis  Street,  Perth  WA  6000. 
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separated  (1).  Nuchals  2-4.  Supraoculars  4,  first  two  in  contact  with  frontal. 
Supraciliaries  5 (N  9)  or  6 ( I).  Upper  labials  6.  Midbody  scale  rows  18  (N  I),  20  (8)  or  22 
(I).  Lamellae  under  longest  toe  12-15. 

Dorsally  brownish  grey  or  greyish  brown,  back  and  tail  with  4 rows  of  small  black 
spots.  Wide,  sharp-edged,  dark  brown  upper  lateral  stripe  from  nasal  to  base  of  tail. 
Upper  surface  of  limbs  brownish  white  or  pale  brown,  spotted  with  dark  brown.  Brown 
ventral  dots  in  8-10  rows  on  body. 


% 


Figure  1 A Lerisia  tridactyla  from  Balladonia.  photographed  in  life  by  R.E.  Johnstone. 

Distribution 

Semiarid  eucalypt  woodlands  of  south-eastern  interior  of  Western  Australia.  See 
map,  Figure  2. 

Derivation  of  name 

Greek  for  three-fingered  and  three-toed. 


Lerista  terdigitata  (Parker,  1926) 

Figure  3 


Diagnosis 


A medium-sized  Lerista  with  3 fingers,  3 toes  and  movable  eyelids;  most  like  L 
tridactyla  and  L.  elongata  but  having  upper  surface  olive  grey  and  upper  lateral  stripe 
usually  narrow,  diffuse  and  ragged-edged. 
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Description 

Snout-vent  length  (mm):  29.5-7 1 (N  53,  mean  61.2).  Tail  (%  SVL):  88-1 10  (N  13,  mean 
98.5). 

Nasals  in  short  to  moderately  long  contact  (N  42),  point  contact  (3)  or  narrowly 
separated  (7).  Prefrontals  widely  separated.  Frontoparietals  in  contact  (48)  or  narrowly 
separated  (5),  Supraoculars  4,  first  two  in  contact  with  frontal.  Supraciliaries  6 (5  if  last 
construed  as  upper  postocular).  Upper  labials  6.  Nuchals  1-4.  Midbody  scale  rows  20  (N 
42),  21  (I)  or  22  (10).  Lamellae  under  longest  toe  12-16  (N  52,  mean  13.8),  usually 
smooth,  occasionally  weakly  keeled. 

Dorsally  olive  grey  (ground  colour  almost  obliterated  in  most  heavily  marked 
specimens);  back  with  6 (occasionally  4)  rows  of  small  black  spots,  pattern  continuing, 
but  less  regularly,  on  to  tail.  Narrow,  ragged-edged  blackish  upper  lateral  stripe  from 
nasal  to  base  of  tail  (wider  in  Streaky  Bay  district).  Upper  surface  of  limbs  pale  brown  to 
greyish  brown,  blotched  with  brown  to  blackish  brown.  Small  ventral  spots  in  12  or  14 
(occasionally  8 or  10)  rows,  brown  to  blackish  brown,  largest  and  darkest  laterally, 
sometimes  disappearing  medially. 

Distribution 

Western  and  central  South  Australia  (mainly  semiarid  zone):  northern  Eyre 
Peninsula,  including  two  large  islands  (St  Peter  and  Flinders);  Yorke  Peninsula;  and 
coastal  plains  east  of  Spencer  Gulf  and  Gulf  St  Vincent,  from  Port  Augusta  south  to 
Gawler.  See  map.  Figure  2. 


A 

A 

O 

• 


L.  tridactyla 
L.  terdigitata 
L.  elongata 
L.  speciosa 


Figure  2 Map  of  South  Australia  and  south-eastern  W'estern  Australia,  showing  location  of  specimens 
of  Lerista  tridactyla.  L terdigitata  (including  holotype),  L.  elongata  and  L speciosa. 
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- ,.  V.  _ ■ ■-  -V  ^ r-^ 

Figure  3 A Lerisia  lerdigilala  from  Moonta  Forest,  photographed  in  life  by  M.  Peterson. 


Material  (in  SAM  unless  otherwise  indicated) 

South  Australia-.  Fowlers  Bay  (AM  100217-22,  102402-7;  WAM  24568);  St  Peter  1. 
(32571);  Smoky  Bay  (WAM  24566-7);  near  Streaky  Bay  (17788;  AM  100121.  100146- 
60);  Wedina  Hill (3 1029);  7 km  S Baird  Bay  (9225);  2 km  E Wudinna  Hill(  WAM  53322); 
Uncontichie  Hill  (9226);  Minaro  Downs  ( 14207);  Whyalla(NMV  D11769);  Uro  Bluff 
(23274);  Redcliff,  23  km  SSE  Port  Augusta  (14300);  lower  Broughton  River  (26439); 
near  Port  Broughton  (24816);  near  Dublin  and  Port  Prime  (14033,  15038,  17874Aand 
B,  29519-20);  between  Gawler  and  Roseworthy  (2484);  Brentwood  (562A  and  B). 


Lerista  elongata  sp.  nov. 

Holotype 

20992  in  South  Australian  Museum,  collected  by  P.  Bird  on  18  October  1981  at  18  km  N Bilia  Kalina, 
South  Australia,  in  29"45'S.  136'M5'E. 

Paratypes  (all  m SAM) 

Souih  Aimralia-.  Ooidea  ( 10805);  23  km  N Koonibba  ( 1 501 7);  25  km  NNW  Coober  Pedv(304l0);  25  km 
NE  Bilia  Kalina  (21022)  and  18  km  N (20991). 

Diagnosis 

A pale  Lerisia  with  3 fingers,  3 toes  and  movable  eyelids,  distinguishable  from  L. 
lerdigitata  by  its  wider,  sharper-edged  upper  lateral  stripe. 
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Description 

Snout-vent  length  (mm):  38-61  (N  6).  Tail  (%  SVL):  93-123  (N  2). 

Nasals  in  short  contact  (N  5)  or  narrowly  separated  ( 1 ).  Prefrontals  widely  separated. 
Frontoparietals  in  short  to  medium  contact  (N  5)  or  very  narrowly  separated  (I). 
Supraoculars  4,  first  two  in  contact  with  frontal.  Supraciliaries  6.  Upper  labials  6. 
Nuchals  1-3.  Midbody  scale  rows  20(N  5)or22(I).  Lamellae  under  longest  toe  12-16, 
usually  smooth,  occasionally  weakly  keeled. 

Dorsally  pale  reddish  or  greyish  brown;  back  with  4 ( occasionally  2)  rows  of  blackish 
brown  dots;  tail  irregularly  flecked  with  blackish  brown.  Moderately  wide,  sharp-edged, 
blackish  brown  upper  lateral  stripe  from  nasal  to  base  of  tail.  Upper  labials  (especially 
upper  and  posterior  edges)  marked  with  blackish  brown.  Ventral  dots  in  10  or  12  rows, 
dark  greyish  brown  to  blackish,  largest  and  darkest  laterally,  smallest  and  tending  to 
disappear  medially. 

Distribution 

Arid  north-west  of  South  Australia.  See  map,  Figure  2. 

Remarks 

For  photograph  of  holotype  see  Figure  2 (upper)  in  Schwaner  and  Edwards  (1985). 


Lerista  speciosa  sp.  nov. 

Holotype 

25883  in  South  Australian  Museum,  collected  by  W.  Zeidler  on  10  May  1983  near  foot  of  Mt  Morns, 
South  Australia,  in  26*’12'S,  13h>04'E. 

Diagnosis 

A dark,  strongly  patterned  Lerista  with  3 fingers,  3 toes  and  movable  eyelids,  differing 
markedly  from  L.  tridactyla,  L.  terdigitata  and  L.  elongata  in  coloration,  including  dark 
dorsal  stripes  (instead  of  rows  of  spots)  and  a white  midlateral  stripe. 

Description  (of  single  available  specimen) 

Snout-vent  length  (mm):  51.  Tail  (%  SVL):  121. 

Nasals  in  contact.  Prefrontals  widely  separated.  Frontoparietals  in  contact. 
Supraoculars  4,  first  two  in  contact  with  frontal,  Supraciliaries  6.  Loreals  2. 
Presuboculars  2.  Upper  labials  6.  Nuchals  2-3.  Midbody  scale  rows  20.  Lamellae  under 
longest  toe  13-14. 

Dorsally  moderately  dark  brown;  head  spotted  with  black;  back  with  4 narrow  black 
stripes,  breaking  up  into  spots  on  tail.  Wide,  sharp-edged,  black  upper  lateral  stripe  from 
nasal  to  base  of  tail,  breaking  up  into  spots  on  tail.  White  midlateral  stripe  from  upper  lip 
to  base  of  tail.  Narrow  black  ventrolateral  stripe  on  body  and  base  of  tail.  Limbs  pale 
brown,  blotched  with  dark  greyish  brown.  Lower  surface  heavily  spotted  with  dark 
greyish  brown;  spots  large,  transversely  elongate  and  arranged  in  8 rows  on  body. 

Distribution 

Only  known  from  one  locality  in  Musgrave  Ranges  in  arid,  far  north-west  of  South 
Australia.  See  map,  Figure  2. 
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Remarks 

For  photograph  of  holotype  see  Figure  2 (lower)  in  Schwaner  and  Edwards  (1985). 

Derivation  of  name 
Latin  for  handsome. 


References 

Schwaner,  T.D.  and  Edwards,  A.  (1985).  Distribution  of  Lerista  terdigitata  Scincidae)  in  South 

Australia.  Trans.  R.  Soc.  S.  Ausi.  109;  55-56. 

Storr.  G.M.  (1972).  The  genus  Tt'mria  (Lacertilia,  Scincidae)  in  Western  Australia.  J.  Proc.  R.  Soc.  West. 
Aust.  54:  59-75. 


Received  31  May  1989 


Accepted  21  September  1989 


Published  14  May  1990 


552 


Fee.  IVesi.  Ausi.  Mus.  1990,  14(4):  553-581 


Re-examination  of  the  reef  corals  of  Cocos  (Keeling)  Atoll 

J.E.N.  Veron* 


Abstract 

Ninety  nine  species  of  reef  corals  are  recorded  from  Cocos  ( Keeling)  Aioll  in  the  eastern  Indian 
Ocean.  Of  these,  all  but  twelve  are  known  from  Western  Australia.  Nine  species  have  not 
previously  recorded  from  the  eastern  Indian  Ocean  and  three  (one  being  taxonomically 
doubtful)  have  not  previously  been  recorded  anywhere.  Principal  factors  affecting  the  diversity 
of  species  are  summarised;  the  effects  of  Acanthasier  short  and  long-term  changes 

to  water  circulation  in  the  atoll  lagoon,  cyclones,  and  effectiveness  of  self-seeding.  Surface 
circulation  patterns  controlling  the  origins  of  coral  propagules  from  major  reef  areas  are 
summarised  as  far  as  present  knowledge  allows.  It  is  concluded  that  a minimum  of  23  days 
would  be  necessary  for  propagule  transport  from  Indonesia  in  winter  and  twice  that  time  in 
March,  when  the  majority  of  reef  corals  spawn  in  Western  Australia. 


Historical  Background 

Reef  corals  of  Cocos  ( Keeling)  Atoll  have  received  more  that  their  fair  share  of  attention, 
partly  because  the  atoll  was  the  only  one  ever  visited  by  Darwin  (in  1836),  and  partly 
because  of  the  intrinsic  interest  in  the  atoll’s  geographic  isolation. 

The  first  important  coral  collection  from  Cocos  was  made  by  Forbes  in  1879  and 
deposited  in  the  British  Museum.  Ridley  (1884)  described  the  new  genus,  Anacropora, 
from  this  collection,  with  Anacropora  forbesi  as  type  species,  and  in  1885,  Ridley  and 
Quelch  gave  a taxonomic  account  of  the  whole  collection.  In  1905-1907,  Wood-Jones 
collected  corals  around  the  atoll  and  also  made  the  field  studies  which  led  to  his 
prophetic  paper  ‘‘On  the  growth  form  and  supposed  species  of  corals”  (1907).  This  has 
remained  the  only  field  study  of  Cocos  (Keeling)  corals. 

Wood-Jones  sent  his  collection  to  the  USN  M where  it  was  studied  by  Vaughan  and 
incorporated  into  his  1918  monograph.  In  retrospect  this  was  unfortunate.  Vaughan 
published  an  integrated  account  of  corals  from  three  very  distant  localities:  (Cocos 
(Keeling)  Atoll  in  the  eastern  Indian  Ocean,  Murray  I.  on  the  Great  Barrier  Reef  and 
Fanning  1.  in  the  central  Pacific  Ocean),  a task  of  impossible  complexity  for  the  time. 
Vaughan  did,  however,  record  51  species  in  Wood-Jone.s'  collection. 

Wells  (1950)  gave  the  first  detailed  account  of  Cocos  (Keeling)  corals,  again  based  on  a 
previous  collection:  that  made  by  Gibson-Hill  in  1941  and  deposited  in  the  Raffles 
Museum.  Gibson-Hill’s  original  collection  has  since  been  destroyed  (Chou,  pers. 
comm.),  but  a duplicate,  studied  by  Wells  at  the  USNM  (along  with  Wood-Jones’ 
collection)  remains.  Gibson-Hill’s  collection,  and  therefore  Wells’  account,  was  limited 
to  shallow-water  environments,  but  for  reef-flats  it  is  very  complete.  Wells  also  records 
many  of  Gibson- Hills’  field  notes  which  make  interesting  comparisons  with  the  present 
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author’s  observations  some  48  years  later.  Wells  lists  a total  of  74  species,  a number  only 
increased  to  99  during  the  present  study,  using  SCUBA. 

The  primary  interest  in  Cocos  (Keeling)  corals  is  now,  as  originally,  in  the  atolls’ 
isolation.  It  is  880  and  1830k:m  from  the  reefs  of  Java  and  Western  Australia 
(respectively),  with  Christmas  I.  being  the  only  ’stepping-stone’  for  westerly  movement  of 
propagules.  The  biogeographic  affinities  of  the  coral  species,  therefore,  are  considered  in 
this  paper.  Likewise,  this  paper  gives  a brief  synopsis  of  the  very  recent  history  of  the 
corals  which  has  led  to  widespread  denudation  in  the  lagoon  and  the  outer  slope,  as  well 
as  surface  circulation  patterns  which  provide  potential  pathways  for  colonisation  from 
major  coral  reef  regions. 


Methods  and  Study  Sites 

(Figure  1) 

Corals  were  studied  at  16  stations  around  the  atoll  and  at  North  Keeling  1.  Numbers 
given  to  these  stations  (below)  are  expedition  collecting  stations;  only  those  stations  used 
for  the  present  study  are  listed.  Stations  are  listed  in  the  order  in  which  they  were  studied. 
An  accumulative  species  inventory  was  compiled,  with  the  aim  of  reaching  a complete 
list  for  the  atoll  as  a whole.  The  total  species  complement  of  individual  stations  is  not 
recorded.  Stations  were  selected  to  incorporate  the  widest  possible  range  of 
environments.  SCUBA  was  used  on  all  reef  slopes. 

Specimens  collected  are  currently  held  at  the  Australian  Institute  of  Marine  Science 
where  they  were  studied  and  compared  with  specimens  from  other  geographic  regions 
and  with  Cocos  (Keeling)  specimens  from  the  USNM  (described  by  Wells,  1950).  No 
new  species  are  described  here  but  Stylocoeniella  sp.,  Montipora  sp.,  Acropora  spp.  1 
and  2,  Porites  sp.  and  Pavona  sp.  remain  undetermined  and  may  represent  undescribed 
species.  In  due  course  the  collection  will  be  lodged  in  the  Western  Australian  Museum. 

In  the  following  account,  ’distinguishing  characters’  are  noted  only  where  there  are 
consistent  differences  between  Cocos  (Keeling)  corals  and  the  same  species  from 
geographical  (mainland)  western  or  eastern  Australia.  Nomenclature  follows  Veron 
(1986). 

I.  West  I.,  W side,  reef  flat.  Very  low  diversity. 

3.  West  1.,  N W corner,  reef  flat.  Acropora  pulchra,  A.  aspera  and  A.  formosa  occur  as 
compact,  extensive  stands. 

4.  Horsburgh  I.,  SW  corner,  reef  slope,  l0-20m.  Very  extensive  stands  of  Pachyseris 
speciosa  S of  Boat  Passage  and  Turbinaria  reniformis  to  the  north. 

5.  Horsburgh  I.,  S side,  sand  flat,  0-3m.  Very  extensive  intertidal  stands  of  Montipora 
digilata. 

7.  Direction  I.,  N.  side,  reef  slope,  10-17m.  Low  diversity,  Pocillopora  eydouxi 
dominant. 

8.  Director  I.,  S.E.  side,  reef  channel  (the  Tip’). 

9.  Direction  1.,  S side,  lagoon,  10-18m.  Very  extensive  stands  of  Leptoseris papyracea. 
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10,  Direction  1.,  N side,  reef  flat.  Porites  dominant. 

12.  West  I.,  SE  end,  reef  flat.  Porites  dominant, 

13.  North  Keeling  1.,  W side,  reef  slope,  10-25m.  Moderate  diversity. 

14.  Direction  L,  W side,  reef  flat.  Porites  dominant. 

15.  Turk  Reef,  W side,  reef  slope,  I0-30m.  Low  diversity. 

16.  Central  atoll  lagoon,  5- 18m.  Formerly  with  extensive  stands  of  Acropora  pulchra 
and  other  Acropora,  now  almost  entirely  dead. 

25.  West  I.,  W side  of  N end,  reef  slope,  I2-30m.  Low  diversity. 

30.  Between  Prison  and  Home  Is.,  reef  flat. 

33.  Home  1.,  E side,  reef  slope,  12-35m.  Low  diversity. 

34.  South  I.,  N of  W end,  reef  flat.  Porites  dominant. 


Systematic  Account  of  Species 

FAMILY  ASTROCOENIIDAE  Koby,  1890 

GENUS  STYLOCOENIELLA  Yabe  & Sugiyama,  1935 

Stylocoeniella  guentheri  (Bassett-Smith,  1890) 

Previous  Records:  Wells  (1950) 

Present  Records;  Three  specimens,  station  13  (WAM  350-89).  Found  on  most  reef  slopes.  Inconspicuous. 

Distinguishing  Characters;  Usually  dark  green,  encrusting  to  sub-massive.  Septa 
strongly  alternate.  Primary  septa  do  not  reach  the  boss-like  columella. 


Stylocoeniella  armata  (Ehrenberg,  1834) 

Previous  Records:  None 

Present  Records:  Two  specimens,  stations  4 and  9 (WAM  351-89,  352-89).  Rare,  inconspicuous. 

Distinguishing  Characters:  Septa  clearly  alternate.  Primary  septa  reach  the  columella 
which  is  thin,  style-like. 

Stylocoeniella  sp. 

Previous  Records:  None. 

Present  Records;  One  specimen,  station  9 (WAM  353-89).  Not  separated  from  S.  guentheri  in  situ. 

Distinguishing  Characters:  Corallites  are  irregularly  exsert.  Septa  are  in  two  sub-equal 
cycles,  fine.  Columellae  are  very  small.  Coenosteum  spinules  very  fine.  Each  corallite  has 
a prominent  style.  It  is  likely  that  this  is  a new  species,  to  be  described  if  further  studied. 
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FAMILY  POCILLOPORIDAE  Gray,  1842 

Pocillopora  is  abundant  in  almost  all  coral  communities,  Seriatopora  is  usually 
uncommon.  The  other  genera,  notably  Stylophora,  have  not  been  recorded. 

GENUS  POCILLOPORA  Lamarck,  1816 

Pocillopora  damicornis  (Linnaeus,  1758) 

Previous  Records:  Ridley  & Quelch  (1885)  (as  P.  brevicornis),  Vaughan  (1918);  Wells  (1950) 

Present  Records:  One  specimen,  station  3 (WAM  354-89).  Uncommon  but  found  in  a wide  range  of 
environments. 

Distinguishing  Characters:  Usually  pink  in  colour.  Indistinguishable  from  Australian 
colonies. 

Pocillopora  verrucosa  (Ellis  & Solander,  1786) 

Previous  Records:  Vaughan  ( 1918);  Wells(1950) 

Present  Records:  Three  specimens,  stations  7 and  13  (WAM  355-89,  356-89).  Common  on  most  upper  reef 
slopes. 

Distinguishing  Characters:  Yellow  or  pinkish  in  colour.  Indistinguishable  from 
Australian  colonies. 

Pocillopora  meandrina  Dana,  1846 

Previous  Records:  Vaughan  (1918);  Wells  (1950),  (both  as  P.  elegans  Dana) 

Present  Records:  One  specimen,  station  7 (WAM  357-89).  Common  on  most  upper  reef  slopes. 

Distinguishing  Characters:  Distinguished  from  P.  verrucosa  by  having  smaller  verrucae 
and  as  described  by  Veron  & Pichon  (1982). 

Pocillopora  woodjonesi  \2iWg\\3.n,  1918 

Previous  Records:  Vaughan  ( 1918)  with  the  Cocos  (Keeling)  Is.  as  type  locality;  Wells  ( 1950) 

Present  Records:  Two  specimens,  stations  13  and  25  (WAM  358-89.  359-89).  Uncommon. 

Distinguishing  Characters:  Difficult  to  distinguish  trom  P.  eydouxi.  Colonies  identified 
as  P.  W'oodjonesi  in  situ  did  not  have  the  species  specific  skeletal  characters  described  by 
Vaughan  ( 1 9 1 8)  and  Wells  ( 1 950)  and  used  by  the  present  author.  The  taxonomic  status 
of  this  species  requires  further  study. 

Pocillopora  eydouxi  Edwards  & Haime,  1860 
Previous  Records:  Vaughan  (1918) 

Present  Records:  Seven  specimens,  stations  3,  7,  13  and  25  (WAM  360-89,  361-89,  362-89,  363-89). 
Common  in  most  coral  communities. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 
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GENUS  SERIATOPORA  Lamarck,  1816 
Seriatopora  hystrix  Dana,  1846 

Previous  Records:  Vaughan  (1918)  (Wells  (1950;  both  as  S.  angulata  Klunzinger) 

Present  Records:  One  specimen,  station  4 (WAM  364-89).  Gibson-Hill  notes  the  species  occurs  in  “large 
beds  in  shallow,  sandy,  slightly  weedy  water  inside  the  lagoon  ..."  (Wells,  1950).  The  few 
colonies  observed  during  the  present  study  were  small  and  isolated. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

FAMILY  ACROPORIDAE  Verrill,  1902 
GENUS  MONTIPORAde  Blainville,  1830 

Montipora  monasteriata  (Forskal,  1775) 

Previous  Records:  None 

Present  Records:  Two  specimens,  stations  9 and  13  (WAM  365-89,  366-89).  Common  in  a wide  range  of 
environments. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Montipora  tuberculosa  (Lamarck,  1816) 

Previous  Records:  None 

Present  Records:  Three  specimens,  stations  3 and  4 (WAM  367-89,  368-89).  Common. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Montipora  lobulata  Bernard,  1897 
Previous  Records:  Wells  (1950) 

Present  Records:  Two  specimens,  stations  7 and  33  (WAM  369-89,  370-89). 

Distinguishing  Characters:  The  holotype  from  the  British  Museum  (Natural  History) 
from  Diego  Garcia  (figured,  Bernard  (1897),  PI.  XIV)  is  very  similar  to  one  corallum  of 
the  present  study  (from  station  7)  but  less  so  to  the  second  specimen  (from  station  33)  and 
Wells’  specimen  collected  by  Gibson-Hill  ( USN  M 44327).  Further  study  of  intra-specific 
variation  is  required  before  this  group  of  coralla  can  be  conclusively  referred  to  the  same 
species.  It  has  not  been  recorded  from  Australia.  Bernard’s  (1897)  second  specimen, 
from  Mauritius,  is  likely  to  be  another  species,  but  was  not  re-examined  during  the 
present  study. 

Montipora  mollis  Bernard,  1897 
Previous  Records:  None 

Present  Records:  One  specimen,  station  9 (WAM  371-89).  Probably  uncommon 
Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 
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Montipora  peltiformis  Bernard,  1897 

Previous  Records:  None. 

Present  Records:  Eight  specimens,  stations  1 3 and  25  (W  A M 372-89,  373-89).  Common  on  some  reef  slopes. 

Distinguishing  Characters:  Corallites  of  four  specimens  from  station  13  are  larger  than 
usual  for  coralla  from  Western  Australia.  There  are  no  other  differences. 

Montipora  capricornis  Veron,  1985 

Previous  Records:  Not  recorded 

Present  Records;  Two  specimens,  station  1 6 ( WA  M 374-89).  Uncommon  except  in  the  atoll  lagoon  where 
this  species  is  an  early  coloniser  of  denuded  areas. 

Distinguishing  Characters:  Intra-specific  variation  was  not  studied. 

Montipora  spumosa  ( Lamarck,  1816) 

Previous  Records:  Vaughan  ( 19 ! 8)  and  Wells  ( 1950)  (two  specimen  only) 

Present  Records:  Not  recorded  during  the  present  study. 

Distinguishing  Characters:  Specimen  44326  from  the  USNM  falls  within  the  range  of 
variation  of  Australian  coralla. 

Montipora  (Edwards  & Haime,  1851) 

[•Previous  Records:  None 

Present  Records;  Three  specimens,  stations  5,  9 and  13  (WAM  375-89,  376-89,  377-89).  Uncommon. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Montipora  angulata  ( Lamarck,  1816) 

Previous  Records:  Vaughan  ( 191 8)  (as  M.  cocosensis  Vaughan,  with  Cocos  ( Keeling)  Is.  as  type  locality). 

F’resent  Records:  Five  specimens,  stations  5,  12,  13  and  30  (WAM  378-89,  379-89,  380-89,  381-89). 
Uncommon.  Found  only  on  reef  Oat  or  sub-tidal  sand  Hats  with  M.  digitata. 

Distinguishing  Characters:  Thick  branches  becoming  columnar,  with  conspicuous  open 
corallites. 

Montipora  digitata  1846) 

Previous  Records;  Ridley  & Quelch  ( 1886)  (as  M.  laevis  Quelch);  Wells  ( 1950)  (as  M.  laevis  Quelch  M. 
ramosa  Bernard  and  M.  rubra  Quoy  & Gaimard) 

Present  Records;  Eleven  specimens,  stations  3.  5,  9 and  35  (WAM  382-89,383-89.384-89.385-89).  Forms 
extensive  monospecific  stands  on  intertidal  sand  Oats,  especially  station  5. 

Distinguishing  Characters:  Intermixed  with  Montipora  sp.  Indistinguishable  from 
Australian  colonies. 
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Montipora  sp. 

Previous  Records:  None 

Present  Records:  Two  specimens,  stations  3 and  14  (WAM  386-89,  387-89). 

Distinguishing  Characters:  A sub-arborescent  species  similar  to  M.  digitata,  primarily 
distinguished  by  high  reticulum  ridges  between  corallites  and  flattened  branch  tips  with 
few  corallites.  The  present  specimens  do  not  belong  to  any  previously  recorded  or 
described  species  known  to  the  author. 

Montipora  efflorescens  Bernard,  1897 

Previous  Records:  None 

Present  Records;  Four  specimen,  stations  4,  13  and  25  (WAM  388-89,  389-89,  390-89). 

Distinguishing  Characters;  Indistinguishable  from  Australian  colonies. 

Montipora  grisea  Bernard,  1897 

Previous  Records:  None 

Present  Records:  Two  specimens,  stations  4 and  7 (WAM  391-89,  392-89). 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Mo/i/ipora  i/i/ormw  Bernard,  1897 
Previous  Records:  Vaughan  ( 1918) 

Present  Records:  One  specimen,  station  13  (WAM  393-89).  Rare. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Montipora  foliosa(P2i\\2iS,  1766) 

Previous  Records:  Vaughan  ( 1918);  Wells  (1950) 

Present  Records:  Five  specimens,  stations  4,  9 and  13  (WAM  394-89,  395-89,  396-89).  Uncommon. 
Distinguishing  Characters:  Indistinguishable  from  Australian  colonies, 

Montipora  aequituberculata  Bernard,  1897 
Previous  Records:  None 

Present  Records:  Four  specimens,  stations  4 and  13  (WAM  397-89,  398-89).  Common  on  some  outer  slopes. 

Distinguishing  Characters:  Usually  dark  grey  or  brown.  Indistinguishable  from 
Australian  colonies. 

GENUS  ANACROPORA  Ridley,  1884 
Anacropora  forbesi  Ridley,  1884 

Previous  Records:  Ridley,  1884,  with  Cocos  (Keeling)  Atoll  as  type  locality. 


560 


J.E.N,  Veron 


Present  Records:  Not  found  during  the  present  study. 

Distinguishing  Characters:  Syntype  1884.2.16.40-47  of  this  species  from  the  British 
Museum  (Natural  History)  was  re-examined  during  this  study.  It  is  indistinguishable 
from  Australian  coralla. 

GENUS  ACROPORA  Oken,  1815 

One  of  the  most  distinctive  characters  of  Cocos  (Keeling)  I.  corals  is  the  low  diversity 
and,  usually,  the  low  abundance  of  Acropora.  The  only  extensive  stands  of  living 
Acropora  are  on  reef  flats,  notably  at  station  3.  Very  extensive  stands  of  dead 
arborescent  species,  mainly pulchra  and  formosa,  occur  in  the  lagoon  and  extensive  dead 
tabular  colonies,  no  longer  identifiable,  occur  at  North  Keeling  1.  (station  13). 

A cropora  palifera  ( Lamarck,  1816) 

Previous  Records:  Vaughan  ( 1918) 

Present  Records;  One  specimen*  station  3 (WAM  399-89).  Seldom  common. 

Distinguishing  Characters;  Both  reef  slope  and  lagoon  colonies  are  similar  in  growth 
form  and  corallite  structures  and  represent  only  a small  part  of  the  variation  described  by 
Veron  & Wallace  (1984)  and  studied  using  electrophoresis,  Ayre  et  al.  (in  prep.) 

Acropora  oce/toa  (Klunzinger,  1879) 

Previous  Records:  Vaughan  ( 191 8),  Wells  (1950) 

Present  Records:  Four  specimens,  stations  7 and  25  (WAM  400-89,  401-89).  Uncommon. 

Distinguishing  Characters;  This  species  belongs  with  the  A.  humilis  group,  with  a 
growth  form  similar  to  A.  humilis  {DanSL).  Axial  corallites  are  similar  in  size  and  shape  to 
those  of  A.  monticulosa  (Briiggemann).  Radial  corallites  are  large,  round,  irregular, 
some  immersed,  others  large  and  elongated,  becoming  incipient  axials. 

A specimen  described  by  Wells  (USNM  44318)  has  been  re-examined  during  the 
present  study.  All  specimens,  including  those  figured  by  Vaughan  (1918),  are  clearly  the 
same  species  which  shows  no  difference  from  the  holotype  of  Klunzinger  (Museum  fur 
Natuurkunde  der  Humboldt  Universitat,  Berlin  21 14). 

Living  colonies  are  pale  brown  with  white  branch  tips. 

Acropora  robmta(Ddi\\Si,  1846) 

Previous  Records:  Wells  ( 1950)  (as  A.  pinguis,  described  as  a new  species  from  Cocos  (Keeling)  Atoll). 

Present  Records:  One  specimen,  station  3 (WAM  402-89).  Very  rare,  found  at  station  3 only.  Gibson-Hill 
comments.  “This  coral  occurs  in  two  large  masses,  each  about  three  feet  across,  on  the 
outer  edge  of  the  barrier  behind  Pulo  Tikus.  I was  unable  to  find  any  other  examples 
elsewhere  on  the  island."  (Wells.  1950). 

Distinguishing  Characters;  Veron  & Wallace  (1984)  note  that  "Wells’  holotype  of  A. 
pinguis  from  the  Cocos-Keeling  Islands  differs  from  east  Australia  A.  rohusta  by  having 
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relatively  small,  uniform  corallites,  but  in  all  other  respects  it  is  similar”.  This  specimen 
(USNM  44317)  has  been  re-examined  with  the  corallum  from  the  present  study.  These 
form  a clear  series.  The  field  observation  that  Cocos  (Keeling)  colonies  have  the  very 
characteristic  growth  form  of  A.  robusta  in  exposed  environments  supports  the 
synonymy. 

Acropora  rfa/iai  (Edwards  & Haime,  1860) 

Previous  Records:  Wells  ( 1950)  (as  A.  irregularis,  described  as  a new  species  from  Cocos  (Reeling)  Atoll). 
Present  Records:  One  specimen,  station  25  (WAM  403-89).  Rare. 

Distinguishing  Characters:  Growth  form  is  the  same  as  Australian  colonies.  Corallites 
near  branch  tips  may  become  relatively  elongate. 

Acropora  1 

Previous  Records:  Vaughan  ( 1918),  Wells  (1950)  (as  A.  pharaonis  Edwards  & Haime). 

Present  Records;  Three  specimens,  stations  3,  12  and  35  (WAM  404-89,  405-89,  406-89).  Sometimes 
common  in  shallow  water. 

Distinguishing  Characters:  Vaughan  (1918)  gives  a very  extensive  account  of  this  species 
which  incorporates  descriptions  of  earlier  authors.  The  present  species  corresponds 
closely  with  Vaughan’s  descriptions  and  photographs  and  also  Wells’ specimen  (USNM 
44314). 

Colonies  are  arborescent,  forming  thickets  in  shallow  water  where  some  branches 
may  be  fused.  Branches  are  mostly  straight  and  tapered.  Radial  corallites  are  of  two 
sizes,  the  larger  arranged  in  rows.  They  are  similar  in  structure  to  those  of  A. 
valenciennesi. 

The  type  specimen  of  A.  pharaonis  from  the  Red  Sea  (Museum  National  d’Histoire 
Naturelle,  Paris  (300d),  and  a specimen  in  the  Museum  of  Comparative  Zoology, 
Harvard)  are,  as  noted  by  Veron  & Wallace  (1982),  close  to  A.  horrida  (Dana). 

Acropora  formosa  1846) 

Previous  Records:  Wells  (1950) 

Present  Records:  Two  specimens,  stations  3 and  14  ( WA  M 407-89. 408-89).  Uncommon  except  on  some  reef 
flats.  Gibson-Hill  records  it  as  being  “plentiful"  (Wells,  1950). 

Distinguishing  Characters:  Reef  flat  colonies  have  short  branches  with  proliferous 
sub-branches.  No  colonies  with  long  undivided  branches  were  seen.  Mostly  yellowish  in 
colour. 

Acropora  microphthalma  (Verrill,  1859) 

Previous  Records:  None 

Present  Records:  Two  specimen,  stations  3 and  4 (WAM  409-89,  410-89).  Common  on  reef  flats  and  some 
reef  slopes. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 
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Acropora  exquisita  Nemenzo,  1967 

Previous  Records:  Possibly  Wells  (1950)  (as  A.  irregularis  (Brook)). 

Present  Records:  Two  specimens,  stations  4 and  9 (WAM  41  1-89,  412-89).  Uncommon. 

Distinguishing  Characters;  Indistinguishable  from  more  robust  colonies  from 
Australian  North-west  shelf  reefs.  Pale  colours. 

Acropora  asp€ra(D2indi,  1846) 

Previous  Records:  Vaughan  (1918)  (possibly  as  A.  spicifera)\  Wells  (1950)  (as  A.  hehes) 

Present  Records:  Two  specimens,  station  3 (WAM  413-89).  Uncommon  except  at  station  3 and  only  found 
on  reef  flats. 

Distinguishing  Characters:  Reddish-brown  in  colour.  Indistinguishable  from  Australian 
colonies. 

Acropora  pulchra  ('Qrook,  1891) 

Previous  Records:  Vaughan  ( 1918) 

Present  Records:  Two  specimens,  stations  3 and  9 (WAM  414-89,  415-89).  Formerly  very  abundant 
throughout  much  of  the  southern  lagoon,  forming  very  extensive  stands  often  over  20m 
across.  Now  common  on  some  reef  Hats,  notably  station  3 and  also  found  on  some  reef 
slopes. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Acropora  cytherea  (Dana,  1846) 

Previous  Records:  None 

Present  Records:  Three  specimens,  stations  3,  7 and  15  (WAM  416-89,  417-89,  418-89).  Uncommon.  The 
largest  colonies  observed  were  <lm  diameter. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Acropora  paniculataV tvnW,  1902 

Previous  Records:  None 

Present  Records:  Five  specimens,  stations  1,  4 and  13  (WAM  419-89,  420-89,  421-89).  Rare. 

Distinguishing  Characters:  Of  the  five  coralla  of  the  present  series,  one  has  an  open 
branching  pattern  (as  illustrated.  Figure  756  of  Veron  & Wallace  1982).  The  remainder 
have  increasing  degrees  of  branch  fusion,  two  being  almost  solid.  All  lack  the  great 
profusion  of  elongate  radial  corallites  common  in  most  eastern  Australian  coralla.  It 
appears  that  this  series  is  a distinct  geographic  sub-species  of  A.  paniculata,  but  as  the 
latter  is  know  in  the  Indian  Ocean  from  only  a single  specimen  (from  Ashmore  Reef, 
Veron  & Marsh,  1988),  no  definite  conclusion  is  possible. 
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Acropora  hyacinthus  (Dana,  1846) 

Previous  Records:  None 

Present  Records:  One  specimen,  station  3 (WAM  422-89).  Rare. 

Distinguishing  Characters:  Only  stunted  reef  flat  colonies  were  found. 

Acropora  latisteUa(^xoo\f.,  1891) 

Previous  Records:  None 

Present  Records:  One  specimen,  station  3 (WAM  423-89).  Rare,  found  only  on  reef  flats. 

Distinguishing  Characters:  This  species  was  not  found  as  large  tabular  colonies. 
Branchlets  are  thinner  than  usual  for  shallow-water  Australian  colonies. 

Acropora  nana(Si\xdtx,  1878) 

Previous  Records;  Wells  (1950) 

Present  Records:  One  specimen,  station  3 ( W A M 424-89).  Found  only  on  outer  reef  flats  and  upper  slopes. 

Distinguishing  Characters:  Colonies  are  relatively  small,  otherwise  indistinguishable 
from  Australian  colonies. 

Acropora  subulata(DdiXidi,  1846) 

Previous  Records:  None 

Present  Records:  Two  specimens,  station  3 (WAM  425-89).  Rare. 

Distinguishing  Characters:  Recorded  only  from  station  3 where  colonies  from  irregular 
small 

plates.  Nothing  is  known  of  environment-related  growth  from  variation. 

Acropora  va//i/a  (Dana,  1846) 

Previous  Records:  Vaughan  ( 1918)  and  Weils  ( 1950)  (as  A.  (Klunzinger)). 

Present  Records:  One  specimen,  station  3 (WAM  426-89).  Rare,  Gibson-Hill  records  this  species  from 
several  reef  flat  localities  (Wells.  1950). 

Distinguishing  Characters:  Corallites  are  smaller  and  have  thinner  walls  than  usual  for 
the  species,  but  nothing  is  known  of  environment-related  variation.  Coralla  from  Cocos 
(Keeling)  illustrated  by  Vaughan  (1918)  (pi.  80)  have  the  characters  of  the  species  more 
clearly  developed.  Gibson-Hill  (and  this  author)  records  the  colour  as  "dirty-white,  with 
faint  lavender-blue  tips"  (Wells,  1950). 

Acropora  sp.  2 

Previous  Records:  None 

Present  Records:  Two  specimens,  stations  4 and  7 (WAM  427-89,  428-89).  Rare. 

Distinguishing  Characters:  Colonies  are  irregularly  arborescent.  Corallites  are  very 
irregular,  some  being  valida-Y\\^Q  and  strongly  oppressed.  The  species  was  not  sufficiently 
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abundant  for  detailed  study  and  nothing  is  known  of  environment-related  skeletal 
variation. 

Acropora  schmitti  1950 

Previous  Records:  Wells  (1950).  described  as  a new  species  from  Cocos  (Keeling)  Atoll. 

Present  Records:  Not  found  during  the  present  study.  Gibson-Hill  notes.  “This  coral,  which  is  rathersimilar 
to  [A.  valida]  in  both  colour  and  form,  occurs  in  shallow  pools  on  the  middle  section  of  the 
barrier,  and  on  part  of  its  seaward  edge.  It  is  not  very  plentiful,  but  it  seems  to  be  most 
numerous  at  the  back  of  Pulo  Tikus.  where  [five]  specimens  were  taken"  (Wells.  1950). 

Distinguishing  Characters:  Wells  (1950)  notes  that  “the  distinctive  character  of  this 
species  is  the  extraordinary  thickness  of  the  outer  lip  of  the  radial  corallites,  which  gives 
them  the  appearance  of  hemispherical  bowls  attached  to  the  branch  by  one  side  or  by  a 
very  short  thick  handle.”  The  holotype  (USNM)  has  been  re-examined  during  the 
present  study,  it  may  be  a species  recorded  from  Thailand  and  the  [Philippines  (called 
Acropora  sp.  by  Veron  & Hodgson,  1989). 

GENUS  ASTREOPORA  de  Blainville,  1830 

Astreopora  myriophthalma  ( Lamarck,  1816) 

Previous  Records:  Vaughan  ( 1918),  Wells  (1950) 

Present  Records:  One  specimen,  station  3 (WAM  429-89).  Common  in  a wide  range  of  environments. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies.  Colours  vary 
from  dark  purple  to  cream  and  pale  pink. 

Astreopora  gracilis  ( Bernard,  1 896) 

Previous  Records:  None 

Present  Records:  Three  specimens,  station  7 and  13  (WAM  430-89,  431-89).  Usually  uncommon. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies.  Colours  are 
cream  and  pale  pinkish-purple. 

FAMILY  PORITIDAE  Gray,  1842 

Goniopora  and  A/veopora  have  not  been  recorded  from  Cocos  (Keeling)  Atoll. 
GENUS  PORITES  Link,  1807 
Porites  soiida  (Forskkl,  1775) 

Previous  Records:  Vaughan  ( 1918)  and  Wells  (1950) 

Present  Records:  Two  specimens,  stations  12  and  30  (WAM  432-89.  433-89).  Uncommon. 

Distinguishing  Characters:  Two  specimens  studied  were  indistinguishable  from 
Australian  coralla. 
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Porites  lobata  Dana,  1846 

Previous  Records:  None 

Present  Records:  Three  specimens,  stations  12  and  13  (WAM  434-89,  435-89). 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Porites  australiensis  Vaughan,  1918 

Previous  Records:  None 

Present  Records;  Six  specimens,  from  stations  I,  7 and  13  (WAM  436-89,  437-89,  438-89). 

Distinguishing  Characters;  Corallites  have  a very  distinct  wall  formed  by  lateral  fusion  of 
denticles. 

Porites  somaliensis  Gravier,  1911 

Previous  Records:  ?Guppy  (1889)  (as  P.  clavaria),  Vaughan  (1918) 

Present  Records:  Nine  specimens,  stations  1.3,  12.  I4and  34(  WAM  439-89,  440-89,  441-89. 442-89.  443-89). 

The  most  abundant  massive  Porires  onsomc  reef  flats  and  the  dominant  species  of  stations 
14  and  34. 

Distinguishing  Characters:  Colonies  from  shallow  water  usually  have  a knobbly  growth 
form.  Corallites  are  closest  to  P.  siephensoni  but  the  present  species  appears  to  be 
distinct  from  any  Australian  species.  The  triplet  is  sometimes  fused  and  columellae  are 
laterally  compressed  in  the  line  of  the  directive  septa  forming  a conspicuous  line. 

Porites  d.  ever/nanm  Vaughan,  1907 

Previous  Records:  None 

Present  Records;  Two  specimens,  station  9 (WAM  444-89).  Rare,  but  very  distinctive. 

Distinguishing  Characters:  Indistinguishable  from  specimens  of  this  species  recorded 
from  Australia,  the  Philippines  (Veron  & Hodgson,  1989)  and  elsewhere. 

Porites  cylindrica  Dana,  1 846 

Previous  Records;  Guppy  (1889)  (as  P.pa/niaia),  Ridley  & Quelch  ( 1885)  (as  P.  levis  Dana),  Vaughan(19!8) 
(as  P.  ni^rescens),  Weils  ( 1 950)  (as  P.  nigrescens and  P.  gibsonhiili).  Cocos  ( Keeling)  atoll 
is  the  type  locality  of  P.  gibsonhiili  Wells.  The  holotype  falls  within  the  range  of  variation 
ol  P.  cylindrica,  variation  which  includes  deeply  excavated  corallites  believed  by  the 
author  to  be  a product  of  parasites.  Wells'  holotype  ( USN  M 44337)  and  specimens  of ‘P. 

collected  by  Wood-Jones  (USNM)  were  re-examined  during  the  present 

study. 

Poriies  cocosensis  Wells,  described  from  two  specimens  from  Cocos  ( Keeling)  Atoll, 
may  also  be  a synonym  of  P.  cylindrica.  The  holotype  (USNM  44339),  re-examined 
during  the  present  study,  is  a corallith  and  is  therefore  unlikely  to  be  clearly 
representative  of  any  species.  Corallites  are  well  defined  and  relatively  deeply  excavated, 
more  so  than  in  any  specimen  of  the  present  series.  Field  notes  from  Gibson-Hill  ( Wells, 
1950)  closely  correspond  with  present-day  P.  cylindrica.  The  present  study,  however, 
cannot  resolve  this  problem. 
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Present  Records:  Seven  specimens  stations  4,  9 and  12  (WAM  445-89,  446-89,  447-89).  The  most  common 
species  of  intertidal  reef  flats  and  forms  extensive  stands  on  some  upper  reef  slopes. 

Distinguishing  Characters:  Indistinguishable  from  Australian  coralla. 

Porites  lichen  Dana,  1846 
Previous  Records:  Vaughan  (1918) 

Present  Records:  Not  found  during  the  present  study. 

Distinguishing  Characters:  Indistinguishable  from  Australian  coralla. 

PoriVes  r£/5  (Forskal,  1775) 

Previous  Records:  None 

Present  Records:  Three  specimens,  stations  4 and  13  (WAM  448-89,  449-89).  Common. 

Distinguishing  Characters:  Forms  extensive  flat  plates  with  short,  irregular,  columns 
and  branches.  Usually  fawn  or  brown. 

Porites  sp. 

Previous  Records:  None 

Present  Records:  Two  specimens,  stations  4 and  9 (WAM  450-89.  451-89). 

Distinguishing  Characters:  Forms  plates  and  irregular  branches  and  columns.  Corallites 
are  essentially  similar  to  those  of  P.  rus  and  P.  latistella  Quelch,  but  are  smaller  than 
both.  The  species  appears  to  be  undescribed.  Usually  brightly  coloured:  green,  blue  or 
yellow. 

Colonies  of  this  species  are  readily  distinguished  from  P.  rus  in  situ.  Skeletal 
differences  between  the  two  require  further  study. 


FAMILY  SIDERASTREIDAE  Vaughan  & Weils,  1943 
Pseudosiderastrea  and  Coscinaraea  have  not  been  recorded  from  Cocos  (Keeling). 
GENUS  PSAMMOCORA  Dana,  1846 

Psammocora  sp.  of  Vaughan  (1918)  is  unlikely  to  be  Psarnmocora  vaughani  Yabe  & 
Sugiyama,  1936  although  this  species  was  named  by  these  authors  on  the  basis  that  their 
specimens  from  Japan  were  the  same  species. 

Psammocora  digitata  Edwards  & Haime,  1851 

Previous  Records:  Weils  (1950)  (as  P.  logianensis  Umbgrove). 

Present  Records:  This  species  was  not  found  during  the  present  study. 
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Psammocora  superficialis  Gardiner,  1989 

Previous  Records:  Vaughan  ( 1918)  (as  Psammocora  sp.).  Uncommon. 

Present  Records:  Two  specimens,  station  4 (WAM  452-89). 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies.  Colonies  are 
encrusting  and  may  be  over  Im  diameter.  These  large  colonies  have  relatively  coarse 
skeletal  characters.  Colour  is  very  uniform  within  colonies,  mostly  battleship  grey,  rarely 
bright  green, 

Psammocora  profundacella  Gardiner,  1898 

Previous  Records:  Vaughan  ( 1918)  and  Wells  { 1950)  (as  P.  haimeana) 

Present  Records:  Four  specimens,  stations  I and  7 (WAM  453-89,  454-89).  Very  common  in  a wide  range 
of  environments.  Gibson  Hill  notes  it  “occurs  in  the  pools  over  the  inner  and  middle 
portion  of  the  barrier”  and  that,  “it  is  not  plentiful”  (Wells.  1950). 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies.  It  may  form 
coralliths.  Usually  pale  pink  or  green,  but  may  be  dark  green.  Sometimes  with  blue 
centres.  Gibson-Hill,  referring  to  reef-flat  colonies,  notes  that  ‘"it  is  a pearl-grey  colour” 
(Wells,  1950). 


FAMILY  AGRICIIDAE  Gray,  1847 

GENUS  PAVONA  Lamarck,  1801 

Pavona  cactus  (Forskal,  1775) 

Previous  Records:  Wells  (1950) 

Present  Records:  Two  specimens,  station  9 ( W A M 455-89).  Found  only  at  station  9 where  it  is  common  only 
in  small  isolated  patches.  Gibson-Hill  records  “It  is  most  plentiful  in  the  shallow  water 
immediately  internal  to  the  channel  [south  of  Home  Island]”  (Wells,  1950). 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Pavona  frondif era  Lamarck,  1801 

Previous  Records:  None 

Present  Records:  Two  specimens,  station  9 ( W A M 456-89).  Found  only  at  station  9 where  it  is  common  only 
in  small  isolated  patches  intermixed  with  P.  cactus. 

Distinguishing  Characters:  Colonies  are  partly  encrusting  and  have  small,  irregular, 
upright  fronds.  Dark  greenish-brown  with  pale  fronds. 

Pavona  decussata  (Dana,  1846) 

Previous  Records:  Vaughan  (as  P.  danai  (Edwards  & Haime),  Wells  (1950). 

Present  Records:  Two  specimens,  station  12  (WAM  457-89).  Known  from  two  reef  flat  colonies  only. 
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Distinguishing  Characters:  Coralla  are  composed  of  highly  anastomosed  plates,  a 
growth  form  common  on  reef  flats.  Skeletal  detail  is  indistinguishable  from  Australian 
coralla. 

Pflvona  exp/a/iutofl  (Lamarck,  1816) 

Previous  Records:  None 

Present  Records:  Nine  specimens,  station  4,  7 and  !3  (WAM  458-89,  459-89,  460-89).  Usually  uncommon 
but  conspciuous. 

Distinguishing  Characters;  Colonies  are  massive  or  columnar.  Pale  or  dark  brown  in 
colour.  Plate-like  colonies,  common  in  Australia,  were  seldom  seen. 

Pavona  minuta  Wells,  1956 

Previous  Records:  None 

Present  Records:  Eight  specimens,  sites  4,  7 and  13  (WAM  461-89,  462-89,  463-89).  Common  on  some 
exposed  reef  sites. 

Distinguishing  Characters:  Colonies  are  massive  or  columnar,  rarely  encrusting.  All 
colonies  observed  were  <0.5m.  Grey  in  colour. 

Pavona  varians  ytxnW,  1846 
Previous  Records:  Vaughan  (1918) 

Present  Records;  Nine  specimens,  collecting  stations  4,  7,  13,  25  and  30  (WAM  464-89.  465-89,  466-89. 
467-89,  468-89).  Very  common  in  a wide  range  of  reef  slope  environments. 

Distinguishing  Characters;  Forms  large  encrusting  plates  under  overhangs.  Very  dark 
eolours  except  in  niches  exposed  to  strong  s'mlight. 

Pavona  ve/iosa  (Ehrenberg,  1834) 

Previous  Records;  None 

Present  Records:  One  specimen,  station  5 (WAM  469-89).  No  other  records. 

Distinguishing  Characters:  Septa  are  very  coarse  making  the  single  specimen  found  very 
distinctive, 

Pavona  maldivensis  (Gardiner,  1905) 

Previous  Records:  Vaughan  ( 1918) 

Present  Records:  Three  specimens,  station  13  (WAM  470-89).  Rare. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Pavona  sp. 

Previous  Records;  None 

Present  Records;  Three  specimens,  stations  13  and  25  (WAM  471-89,  472-89).  Rare. 
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Distinguishing  Characters:  Colonies  are  flat  unifacial  plates.  Corallites  are  very  small, 
similar  to  those  of  P.  bipartita  Nemenzo,  but  with  smaller  calice  centres 

and  tendency  to  become  sub-plocoid. 

GENUS  LEPTOSERIS  Edwards  & Haime,  1894 
Leptoseris  papyracea  ( D?in?i,  1846) 

Previous  Records:  None 

Present  Records:  One  specimen,  station  9 (WAM  473-89).  Forms  an  extensive  carpet  of  some  hundreds  of 
square  metres  at  station  9. 

Distinguishing  Characters:  Indistinguishable  from  fine,  highly  compact  Australian 
colonies.  Pale  pinkish-brown  in  colour. 

Leptoseris  explanata  Yabe  & Sugiyama,  1941 
Previous  Records:  None 

Present  Records:  One  specimen,  station  9 (WAM  474-89).  Rare. 

Distinguishing  Characters:  The  single  specimens  studied  is  indistinguishable  from 
Australian  colonies. 

Leptoseris  mycetoseroides  Wells,  1954 
Previous  Records:  None 

Present  Records:  Two  specimens,  stations  4 and  25  (WAM  475-89,  476-89).  Rare. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

GENUS  GARDINEROSERIS  Scheer  & Pillai,  1974 

Gardineroseris planulata  (Dana,  1846) 

Previous  Records:  None 

Present  Records:  Two  specimens,  stations  4 and  1 3 (WAM  477-89, 478-89).  Uncommon  although  found  in  a 
wide  variety  of  habitats. 

Distinguishing  Characters:  Colonies  are  flat  or  dome-shaped,  up  to  1 m high,  pale  brown 
in  colour.  Indistinguishable  from  Australian  colonies. 

GENUS  PACHYSERIS  Edwards  & Haime,  1849 

Pachyseris  speciosa  {DsLua,  1846) 

Previous  Records:  None 

Present  Records:  One  specimen,  station  4 (WAM  479-89).  Forms  very  extensive  monospecific  stands  at 
station  4 south  of ‘Boat  Passage'. 
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Distinguishing  Characters: 

Indistinguishable  from  Australian  colonies.  The  full  range  of  variation  of  the  species,  as 
described  by  Veron  & Pichon  (1980),  can  be  seen  at  station  4. 


FAMILY  FUNGIIDAE  Dana,  1846 

GENUS  FUNGIA  Lamarck,  1801 

Fungia  fungites  (Linnaeus,  1858) 

Previous  Records:  Wells  (1950) 

Present  Records:  One  specimen,  station  13  (WAM  480-89).  Uncommon. 

Distinguishing  Characters:  Indistinguishable  from  Australian  coralla. 

Fungia  concinna  Verrill,  1864 
Previous  Records:  None 

Present  Records:  One  specimen,  station  16  (WAM  481-89).  This  is  the  only  record  ol  the  species. 

Distinguishing  Characters:  The  single  specimen  collected  is  indistinguishable  from 
Australian  coralla. 

Fungia  granulosa  Klunzinger,  1879 
Previous  Records:  None 

Present  Records:  One  specimen,  ,,lation  15  ('"'AM  482-89).  1 his  is  the  onlv  record  of  the  species. 
Distinguishing  Characters:  Indistinguishable  from  Australian  coralla. 

Fungia  scutariaVtvvxW.  1801 

Previous  Records;  Vaughan  ( 1918).  Wells  (1950) 

Present  Records:  Three  specimens,  from  stations  4,  13  and  15  (WAM  483-89,  484,89,485-89).  Common  on 
reef  slopes. 

Distinguishing  Characters:  Indistinguishable  from  Australian  coralla  except  for  colour. 
Usually  cream  with  blue  or  white  tentacular  lobes,  occassionally  pink. 

GENUS  HERPOLITHA  Eschscholtz,  1825 

Herpolitha  Umax  Houttuyn,  1772 

Previous  Records:  Vaughan  ( 1918)  (as  //.  crassa  Dana),  Wells  (1950) 

Present  Records:  One  visual  record,  station  9. 

Distinguishing  Characters:  Specimens  have  not  been  examined. 
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GENUS  SANDALOLITHA  Quelch,  1884 

SandaloUtha  robusta  (Quelch,  1886) 

Previous  Records:  None 

Present  Records:  Four  specimens,  stations  3 and  4 (WAM  486-89,  487-89).  Usually  rare. 

Distinguishing  Characters:  Colonies  are  up  to  0.5m  diameter,  flattened.  Small  colonies 
are  oval,  larger  ones  are  contorted  according  to  irregularities  in  the  substrate.  The 
flattened,  irregular  appearance  combined  with  wide  corallum  margins  free  of  centres, 
suggests  a different  species  from  that  found  in  Australia.  There  are,  however,  no  skeletal 
details  which  reliably  distinguish  Cocos  (Keeling)  coralla  from  those  from  Australia. 
SandaloUtha  dentata  Quelch  may  be  a distinct  species  with  the  growth  form  of  the 
present  species,  but  this  has  yet  to  be  established. 


FAMILY  PECTINIIDAE  Vaughan  & Wells,  1943 

This  family  is  represented  only  by  Oxypora  lacera. 

GENUS  OXYPORA  Saville-Kent,  1871 

Oxypora  lacera  rill,  1864) 

Previous  Records:  None 

Present  Records:  One  specimen,  station  4 (WAM  488-89).  Rare. 

Distinguishing  Characters;  Indistinguishable  from  Australian  colonies. 

FAMILY  MUSSIDAE  Ortmann,  1890 

This  family  is  represented  only  by  Lobophyllia  hemprichii. 

GENUS  LOBOPHYLLIA  de  Blainville,  1830 
Lobophyllia  hemprichii  (Ehrenberg,  1834) 

Previous  Records:  None 

Present  Records:  One  specimen,  station  4 (WAM  489-89).  Usually  uncommon  but  very  conspicuous. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies  and  shows  the 
full  range  of  the  species  except  that  very  large  colonies  were  not  found.  Often  brick  red  in 
colour. 


FAMILY  MERULINIDAE  Verrill,  1886 

This  family  is  represented  only  by  Hydnophora  microconos. 
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GENUS  HYNDOPHORA  Fischer  de  Waldheim,  1807 

Wells  (1950)  lists  H.  Pallas)  as  recorded  from  Cocos  (Keeling)  by  Vaughan  (1918). 

This  appears  to  be  a mistake. 

Hydnophora  microconos  ( Lamarck,  1816) 

Previous  Records:  Vaughan  ( 1918) 

Present  Records:  One  specimen,  station  3 (WAM  490-89).  Uncommon  but  occurs  in  a wide  range  of 
habitats. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

FAMILY  FAVIIDAE  Gregory,  1900 

GENUS  FAVIA  Oken,  1815 
Favia  stelligera  {Da.nR,  1846) 

Previous  Records:  Vaughan  ( 1918),  Wells  (1950) 

Present  Records:  Eight  specimens,  stations  3, 4,  7,  13  and  33  ( WA  M 49 1 -89,  492-89,  493-89,  494-89,  495-89). 
Common  in  most  communities  with  moderate  diversity. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Favia  pallida  {DeLmt,  1846) 

Previous  Records:  Vaughan  (1918)  (as  F.  speciosa). 

Present  Records:  Five  specimens,  stations  7,  8,  13  and  25  (WAM  496-89,  497-89,  498-89,  499-89). 

Distinguishing  Characters:  Colonies  are  small,  submassive  to  encrusting.  They  are 
mostly  mottled  dark  colours. 

Favia  matthaii  Vaughan,  1918 
Previous  Records:  None 

Present  Records:  Four  specimens,  stations  4 and  7 (WAM  500-89,  501-89).  Uncommon. 

Distinguishing  Characters:  Corallites  are  smaller  than  those  of  eastern  Australian 
colonies  but  similar  in  size  to  those  from  equatorial  localities.  Skeletal  detail  is  similar 
throughout  this  range. 

GENUS  BARABATTOIA  Yabe  & Sugiyama,  1941 
Barabattoia  amicorum  {Edv^ards  & Haime,  1850) 

Previous  Records:  None 

Present  Records:  One  specimen,  station  9 (WAM  502-89).  Rare. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies.  All  specimens 
observed  were  dark  brown  in  colour. 
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GENUS  FAVITES  Link.  1807 
Favites  abdita  (Ellis  & Solander,  1786) 

Previous  Records:  Vaughan  (1918) 

Present  Records:  Eight  specimens,  stations  4,  13  and  16  (WAM  503-89,  504-89,  505-89).  Usually 
uncommon. 

Distinguishing  Characters:  Colonies  are  small,  usually  encrusting.  Corallites  of  colonies 
in  high  energy  environments  may  have  greatly  thickeneci  walls. 

Favites  pentagona(E^^Qv,  1794) 

Previous  Records:  Vaughan  ( 1918)  (as  F.  melicerum  Ehrenberg) 

Present  Records:  Twelve  colonies,  stations  4.  7.  1 3 and  33  ( W A M 506-89,  507-89,  508-89,  509-89).  Common. 

Distinguishing  Characters:  Coralla  have  most  of  the  range  of  corallite  characters 
(described  by  Veron  el  al.  (1977)  except  that  all  have  exsert  irregular  septa  and  no 
ecomorphs  associated  with  very  strong  wave  action  were  found.  The  size  of  corallites 
overlaps  with  those  of  eastern  Australian  colonies,  but  most  are  slightly  smaller. 

GENUS  LEPTORIA  Edwards  & Haime,  1848 
Leptoria phrygia  (EWh  & Solander,  1786) 

Previous  Records:  Vaughan  ( 1918).  Wells  (1950) 

Present  Records:  One  specimen,  station  3 (WAM  510-89).  Usually  uncommon. 

Distinguishing  Characters:  Always  a uniform  dark  grey.  Indistinguishable  from 
Australian  colonies. 

GENUS  MONTASTREA  de  Blainville,  1830 
Montastrea  curta  {Dana,  1846) 

Previous  Records:  None 

Present  Records:  Three  specimens,  station  7.  1 3 and  25  (WAM  5!  1-89,512-89,  513-89).  Usually  uncommon. 

Distinguishing  Characters:  Colonies  are  small,  encrusting,  pale  coloured.  Corallites  are 
small  (most  <6mm  diameter  with  calices  <3mm)  and  are  uniform  in  size. 

This  identification  is  tentative  only  because  the  species  is  very  variable  and  lacks 
conservative  character  and  also  because  no  colonies  were  found  on  reef  Hats  where  it 
would  be  expected  to  be  most  abundant. 

GENUS  PLESIASTREA  Edwards  & Haime,  1848 
Plesiastrea  versipora  (Lamarck,  1816) 

Previous  Records:  Vaughan  ( 1918) 

Present  Records:  One  specimen,  station  13  (WAM  514-89).  Rare. 
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Distinguishing  Characters:  Colonies  are  pale  cream,  submassive  to  encrusting.  Skeletal 
structure  is  indistinguishable  from  Australian  colonies. 

GENUS  LEPTASTREA  Edwards  & Haime,  1848 
Leptastrea  transversa  Klunzinger,  1879 

Previous  Records:  None 

Present  Records:  Four  specimens,  stations  3,  13  and  25  (WA  M 5 1 5-89,  5 1 6-89,  5 17-89).  Uncommon. 

Distinguishing  Characters:  The  characters  of  the  species  are  better  defined  than  in  most 
Australian  coralla.  Corallites  are  of  relatively  uniform  size,  with  well-defined  walls. 
The  species  requires  revision  over  a wide  geographic  range. 

Leptastrea  pruinosa  Crossland,  1952 
Previous  Records:  None 

Present  Records:  Four  specimens,  stations  4,  7,  9 and  16  (WAM  518-89,  519-89,  520-89,  521-89). 
Uncommon. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies.  Usually  brightly 
coloured. 

Leptastrea  bottae  &.  Haime,  1849) 

Previous  Records:  Vaughan  ( 1918).  Wells  (1950) 

Present  Records:  Eighteen  specimens,  collecting  stations  1.  4,  7,  9,  13,  14,  16,  25  and  30  (WAM  522-89, 
523-89,  524-89,  525-89.  526-89,  527-89,  528-89,  529-89,  530-89).  Common  over  a wide 
range  of  environments. 

Distinguishing  Characters:  Colonies  are  submassive  or  encrusting.  Corallites  are 
relatively  uniform  in  size,  circular,  with  well  defined  walls.  Septa  are  thin,  with  little 
ornamentation.  Colonies  from  exposed  environments  are  mostly  creamy  coloured  with 
very  dark  calices. 

GENUS  CYPHASTREA  Edwards  & Haime,  1848 
Cyphastrea  serailia  (Forskal,  1775) 

Previous  Records:  Wells  (1950)  record  of  C.  chalcidicum  (Forskal)  appears  to  be  this  species. 

Present  Records:  Three  specimens,  stations  4,  15  and  33  (WAM  531-89,  532-89,  533-89).  Common  in  a wide 
range  of  environments. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 

Cyphastrea  microphthalma  (Lamarck,  1816) 

Previous  Records:  Vaughan  ( 1918) 

Present  Records:  Six  specimens,  siations  4,  7,  I3and  16(WAM  534-89,  535-89,  536-89,  537-89).  Common. 
Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 
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Cyphastrea  agassizi  (Vaughan,  190 7) 

Previous  Records:  None 

Present  Records:  Nine  specimens,  stations  7 and  13  (WAM  538-89,  539-89).  Uncommon. 

Distinguishing  Characters:  Colonies  are  encrusting  with  widely  spaced,  exsert,  corallites. 

Colonies  are  nearly  uniform  white  in  colour.  May  form  coralliths. 

GENUS  ECHINOPORA  Lamarck,  1816 

Echinopora  lamellosa  (Esper,  1795) 

Previous  Records:  Ridley  & Quelch  ( 1885),  Vaughan  (1918),  Wells  (1950) 

Present  Records:  One  specimen,  station  9 ( WA  M 540-89).  Only  three  small  colonies  were  observed  in  situ. 

Gibson-Hill  notes,  ’’this  coral,  which  may  reach  a width  of  over  two  feel  across  the  flat 
sheets,  is  plentiful  in  still,  sheltered  water  inside  the  lagoon,  at  a depth  of  one  to  three 
fathoms  in  the  vicinity  of  the  rock  masses  internal  to  the  reefs  in  the  neighbourhood  of 
[Horsburgh  I.]”  (Wells,  1950).  It  is  clearly  much  less  common  at  the  time  of  the  present 
study  and  was  not  recorded  at  all  at  Gibson-Hill’s  site. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies. 


FAMILY  DENDROPHYLLIIDAE  Gray,  1847 

GENUS  TURBINARIA  Oken,  1815 
Turbinaria  reniformis  Bernard,  1896 

Previous  Records:  None 

Present  Records:  One  specimen,  station  15  (WAM  541-89).  Usually  rare  but  forms  very  extensive 
monospecific  stands  a 2-20m  depth  at  station  4,  north  of  “boat  passage”. 

Distinguishing  Characters:  Indistinguishable  from  Australian  colonies  and  has  the  same 
yellow  polyps  as  Great  Barrier  Reef  colonies.  Polyps  were  extended  during  the  day. 


BIOGEOGRAPHIC  AFFINITIES 

Many  common  and  widespread  Indo-Pacilic  taxa  have  not  been  recorded  from  Cocos 
(Keeling)  and  are  almost  certainly  absent.  There  are  no  Oculinidae  or  Caryophylliidae. 
The  Pectiniidae,  Mussidae  and  hermatypic  Dendrophylliidae  are  represented  by  only 
one  species  each.  There  are  no  recorded  Stylophora,  Goniopora,  Alveopora, 
Coscinaraea,  Cycloseris,  PolyphyUia,  Liihophyllon,  Podabacia,  Goniastrea,  Platygyra 
and  many  minor  east  Indian  Ocean  genera. 

Of  the  genera  that  are  present,  only  SandaloHtha  does  not  have  a distribution  range 
crossing  the  Indian  Ocean  (Veron,  1986). 
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Table  1.  Species  diversity  of  hermatypic  Cocos  (Keeling)  and  Christmas  Is.  corals. 


Cocos  (Keeling)  Is. 

Christmas  I. 

Siylocoeniella 

?3 

2 

Pocillopora 

5 

3 

Seriaiopora 

1 

0 

Montipora 

16 

2 

Anacropora 

I 

0 

Acropora 

19 

1 1 

Astreopora 

2 

2 

Pontes 

9 

4 

Goniopora 

0 

4 

Alveopora 

0 

1 

Psammocora 

3 

3 

Pavona 

9 

7 

Lepioseris 

3 

4 

Gardineroseris 

I 

1 

Pachyseris 

I 

1 

Cycloseris 

0 

I 

Fungia 

4 

2 

Sandalolitha 

1 

1 

Herpolitha 

i 

0 

Oxypora 

1 

I 

Galaxea 

0 

2 

Acanthastrea 

0 

1 

Lohophyllia 

1 

3 

Symphyllia 

0 

2 

Hydnophora 

1 

2 

Merulina 

0 

I 

Scapophyl/ia 

0 

1 

Fa  via 

3 

2 

Harabaltoia 

I 

0 

Favites 

2 

4 

Goniastrea 

0 

1 

Phiygyra 

0 

4 

Lepioria 

1 

1 

Moniastrea 

1 

1 

Plesiastrea 

I 

0 

Diploasirea 

0 

1 

Leptastrea 

3 

3 

Cyphaslrea 

3 

2 

Echinopora 

i 

2 

Turbinaria 

1 

1 

Plerogyra 

0 

1 

TOTAL  SPECIES 

99 

85 

TOTAL  GENERA 

29 

36 

VERON:Cocos-P 
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At  species  level,  the  isolation  of  the  atoll  from  Australia  is  reflected  in: 

(a)  the  number  of  species  which  are  known  from  western  Australia  but  are  absent  trom 
the  atoll:  (223  species  or  70%  of  the  western  Australian  total  of  318  species), 

(b)  the  number  of  species  which  are  present  but  have  not  been  recorded  from  anywhere 
in  Australia  (12  species:  Stylocoeniella  sp.,  Montipora  lohulata,  Montipora  sp., 
Acropora  ocellata,  Acropora  sp.  I,  Acropora  sp  2.  Acropora  schmitii,  Porites 
somaliensis,  Porites  Pavona  frondifera,  Pavona  Cyphastrea  agassizi),  and 

(c)  the  substantial  proportion  of  species  (perhaps  30%)  which  are  present  but  show 
points  of  difference  from  their  western  Australian  counterparts  (eg.  differences  in 
colour,  habitat  preferences  as  well  as  skeletal  and  growth  form  differences). 

It  may  be  noted  that  of  the  12  species  not  recorded  from  Australia  (‘b'  above),  3 have 
been  recorded  from  the  Philippines  ( Veron  & Hodgson,  1989).  The  remaining  9 have  not 
been  previously  recorded  from  any  eastern  Indian  Ocean  locality,  but  only 
Stylocoeniella  sp.,  Porites  sp.  and  Pavona  sp.  have  noi  been  previously  recorded 
anywhere.  Although  it  is  possible  that  the  latter  are  endemic,  the  corals  of  Indonesia  are 
poorly  known  and  they,  along  with  most  or  all  Cocos  ( Keeling)  species,  may  well  occur 
in  Indonesia. 

Table  I compares  number  of  species  recorded  for  genera  found  at  Cocos  (Keeling) 
Atoll  and  Christmas  1 (Done,  in  prep.).  The  principal  difference  is  in  the  much  greater 
number  of  species  of  Montipora  at  Cocos  (Keeling)  and  the  greater  generic  richness  of 
Christmas  I..  The  latter,  however,  is  a high  island  with  a very  restricted  range  of  habitats, 
especially  sheltered  ones.  The  presence  or  absence  of  corals  is  therefore  like  to  be  as  much 
a function  of  habitat  diversity  as  geographic  isolation  or  relative  dispersal  ability.  The 
only  general  observation  of  this  data  made  here  is  that  there  is  no  clear  evidence  that 
Christmas  I.  has  acted  as  a ’stepping  stone’  for  the  dispersal  of  c(-rals  to  Cocos  ( Keeling). 


FACTORS  AFFECTING  CORAL  DIVERSITY 

Not  all  abundance  and  presence/  absence  records  are  necessarily  the  result  of  geographic 
isolation.  In  recent  times  there  have  been  several  catastrophic  events  which  have  greatly 
reduced  the  abundance  of  corals.  During  the  1960s  there  were  one  or  more  outbreaks  of 
Acanthaster  planci  {MarsK  in  prep.)  and  clearly,  most  outer  reef  slopes  have  been  very 
extensively  denuded.  This  may  well  have  affected  the  total  species  complement  as  well  as 
abundance.  Many  outer  slope  species  are  now  known  only  from  one  or  a few  colonies 
and  others,  notably  Pachyseris  speciosa  and  Turbmaria  reniJormiSr  occur  in  great 
abundance  at  one  locality  but  were  found  nowhere  eNe.  This  may  be  the  result  of 
denudation  by  Acanthaster,  or  it  may  be  the  result  of  recent  colonisation. 

In  March.  1983,  a sustained  reversal  in  the  normal  direction  of  the  SE  trade  winds 
resulting  from  a major  ENSO  event  caused  very  extensive,  probably  total  extermination 
of  lagoon  corals  except  at  the  northern  end  (Blake,  W.  unpubl.  manuscript).  Colin(  1977) 
records  the  slopes  of  one  of  the  ‘blue  holes’  of  the  southern  lagoon  as  being  ‘densely 
covered’,  whereas  this  area  today  contains  few  live  corals  (only  sporadic  Montipora 


578 


J.E.N.  Veron 


capricornis,  Porites  spp.  and  Fungia  concinna),  but  very  extensive  remains  of  dead 
skeletons  principally  Acropora  spp.  Clearly,  the  abundance  of  several  species  has  been 
greatly  affected;  Gibson- Hill  (Wells,  1950)  records  Seriatopora  hystrix,  Acropora 
formosa,  Acropora  valida,  Pavona  cactus SiV\d  Echinopora lamellosa  3.S  beingabundant 
in  the  lagoon  whereas  they  are  now  very  restricted,  both  in  distribution  and  abundance. 
Lagoonal  Acropora  pulchra  was  also  very  much  more  abundant  prior  to  1983. 

Cyclones  are  not  common  at  Cocos  (Keeling),  but  a severe  cyclone  in  January,  1989 
severely  damaged  the  forests  of  North  Keeling  I.  and  appeared  to  have  damaged  some 
reef  flat  and  upper  reef  slope  coral  communities.  There  is,  however,  no  evidence  of  this 
on  the  western  side  of  the  island. 

Whatever  the  cause  of  coral  denudation,  whether  recent  or  distant  past,  it  is  likely  that 
recovery  would  be  slow  and  the  effect  long-term.  At  present,  much  of  the  lagoon  floor  is 
covered  by  macro-algae  and  not  readily  available  for  coral  recolonisation.  More 
importantly,  because  of  geographic  isolation,  most  reef  fauna  must  be  predominantly 
self-seeding.  There  is  very  little  coral  other  than  Porites  spp.  and  Montipora  digitata  at 
the  southern  end  of  the  lagoon  where  most  lagoon  water  intake  occurs.  The  areas  of 
highest  diversity  are  to  the  north  where  it  is  likely  that  most  larvae  produced  would  be 
lost  to  the  atoll,  but  little  is  known  of  local  water  movements  and  nothing  of  spawning 
times. 

In  the  longer  term  (tens  to  hundreds  of  years)  there  appears  to  have  been  a progressive 
closing  of  the  lagoon  by  sand  accretion  on  the  island  arc.  Habitat  diversity  has  thus  been 
gradually  decreasing  and  it  is  likely  that  the  coral  death  of  1 983  was  the  most  recent  (and 
perhaps  final)  of  a series  of  catastrophic  events  resulting  from  closure  of  the  lagoon.  It 
was  not,  however,  the  first  such  event  (Hatcher,  1988). 


ORIGINS  OF  COCOS  (KEELING)  CORALS 

Nothing  is  known  of  the  age  of  Cocos  ( Keeling)  atoll  although  Woodfoffe  et  al.  (in  prep.) 
have  shown  that  Pleistocene  (last  interglacial)  reef  limestones  are  encountered  at  depths 
of  9-  15m  and  are  overlain  by  shallow  water  reefal  deposits  that  accumulated  as  sea  level 
rose  in  the  mid  Holocene.  The  atoll,  therefore,  has  been  available  for  colonisation  by  reef 
corals  during  periods  of  low  Pleistocene  sea  levels,  a time  when  surface  circulation 
patterns  would  have  been  substantially  different  than  they  are  today.  The  present  coral 
fauna  may  have  its  origins  at,  or  before,  this  time  or,  alternatively,  may  be  a relatively 
recent  product  of  modern  surface  circulation  patterns. 

Information  about  modern  surface  circulation  patterns  comes  from  substantially 
outdated  surface  circulation  atlases  together  with  more  recent  and  ongoing 
oceanographic  studies,  the  latter  primarily  concerned  with  the  Leeuwin  Current  and  (at 
present)  with  the  ’Indonesian  throughflow’.  No  surface  circulation  atlas  has  been 
adequately  revised  since  the  existence  of  the  Leeuwin  Current,  down  the  west  coast  of 
Australia,  has  become  well  understood. 

The  driving  force  of  the  Leeuwin  Current  is  believed  to  be  the  flow  of  warm,  low 
salinity  water  from  the  western  central  Pacific  Ocean  through  deep  passages  in  the 
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Indonesian  Archipelago  into  the  Timor  Sea  and  the  eastern  Indian  Ocean  (Pearce  and 
Creswell,  1985  and  others).  The  current  varies  seasonally,  being  weakest  in  December  to 
March  and  strongest  in  May  to  August  when  the  along-shore  sea  level  gradient  almost 
doubles  and  the  wind  stress  is  weaker  and  more  variable.  It  clearly  explains  the 
large-scale  coral  distribution  pattern  along  the  coast  of  Western  Australia  (Veron  and 
Marsh,  1988). 

The  most  recent  studies  of  throughflow  between  Indonesia  and  the  Indian  Ocean 
(Wyrtki,  1987;  Godfrey  in  prep.)  reveal  a strong,  upper  level  (200m)  pressure  gradient 
which  accords  well  with  predictions  of  a wind-driven  numerical  model.  Thus,  Pacific 
winds  and  the  Indonesian  throughflow  are  primarily  responsible  for  both  the  winter- 
flowing Leeuwin  Current  of  Western  Ai  stralia  and  the  north-east  origin  of  the 
westward-flowing  South  Equatorial  Curreni. 

According  to  the  most  recent  surface  circulation  maps  (Tchernia,  1980),  Cocos 
(Keeling)  Atoll  lies  in  the  South  Equatorial  Current.  It  is  south  of  the  tropical 
convergence  zone  in  summer  when  the  South  Equatorial  Current  is  at  its  weakest,  and 
almost  central  to  this  current  in  winter  when  surface  velocities  reach  ’more  than  one  knot’ 
(Tchernia,  1980).  Summer  (February-March)  velocities  are  recorded  as  being  less  than 
half  this,  and  as  occurring  with  a greatly  reduced  regularity. 

In  summary,  surface  circulation  data  indicate  no  direct  route  for  propagules  to  Cocos 
(Keeling)  from  the  western  Indian  Ocean  at  any  time  of  the  year.  The  origin  of  all  such 
currents  is  in  Indonesia  and  offshore  north-west  Australia,  with  substantial  inter-annual 
variation. 

Simpson  (1985)  first  recorded  mass  coral  spawning  on  the  western  Australian  coast 
(Campier  Archipelago)  occurring  in  March  and  more  recently  (in prep.)  has  found  that 
88%  of  species  studied  (46%  of  all  western  Australian  species)  spawn  at  that  time.  Given  a 
distance  of  1830km  and  direct  current  transport  of  0.5m/ sec.,  a transport  duration  of 
94days  between  western  Australia  and  Cocos  (Keeling)  can  be  estimated. 
Approximately  half  that  time  (46  days)  would  be  required  for  direct  transport  from 
Indonesia  and  half  that  time  again  (23  days)  for  direct  transport  from  Indonesia  for 
winter  spawning  species. 
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Descriptions  of  new  paracolletine  bees  associated  with 
flowers  of  Eremophila  (Hymenoptera:  Colletidae) 

Terry  F.  Houston* 

Abstract 

Thirteen  species  of  Paracolletini  oligolectic(or  probably  oligolectic)  on  flowers  of  Eremophila 
( Myoporaceae)  are  described  as  new.  They  are  as  follows;  eleven  species  of  Leioproctus  sensu 
stricto  (canuius,  capita,  concavm,  eremites,  eremitulus,  kumarina,  lanceolatus,  longipalpus, 
lucanus  and  iucidicinctus.  collectively  forming  a monophyletic  assemblage  designated  the  L. 
capita  species-group,  and  nasutus)  and  two  closely  related  species  of  Trichacolletes  s.  str. 
(eremophUae  and  multipectinatus). 

All  are  characterized  by  elongation  of  the  proboscis,  an  adaptation  to  the  constricted  corolla 
tube  of  the  forage  plants.  The  Leioproctus  species,  especially  members  of  the  capita  group,  are 
further  characterized  by  enlargement  of  the  labial  palpi. 

Males  of  L.  cflpi/oand  L.  lucanus  diVC  unusual  in  being  much  larger  than  the  females  and  in 
having  extraordinarily  large  heads  and  mandibles. 


Introduction 

Eremophila  (family  Myoporaceae)  is  a large  genus  of  shrubs  and  small  trees  mainly 
confined  to  the  arid  and  semiarid  regions  (Eremaean  Province)  of  Australia  (Elliot  & 
Jones  1984).  The  flower  has  a tubular  corolla  which  is  constricted  near  its  base.  The 
lumen  of  the  corolla  tube  is  occluded  at  the  constriction  by  the  style  and  four  anther 
filaments;  for  this  reason,  typical  broad-headed,  shorl-longued  bees  are  excluded  from 
the  suite  of  bees  which  is  able  to  obtain  nectar  from  Eremophila  flowers.  The  only  bees 
which  regularly  take  nectar  from  Eremophila  are  long-tongued  species  (anthophorids 
and  megachilids),  very  tiny  bees  which  presumably  manage  to  squeeze  through  the 
corolla  constriction  and  short-tongued  bees  with  especially  elongated  proboscides 
and/or  palpi  ( Houston  1983). 

The  present  paper  describes  several  species  in  the  last  category  and  makes  names 
available  for  a proposed  article  on  the  bees  of  Eremophila. 

The  new  species  of  Trichocolleies  Cockerell  are  unusual  in  their  floral  preferences  as 
most  of  their  congeners  are  oligolectic  on  Fabaceae. 

Both  Leioproctus  and  Trichocolleies  are  large  genera  much  in  need  of  revision. 
However,  after  consulting  the  works  of  Cockerell  (1934)  and  Michener  (1965)  1 am 
confident  that  my  new  species  have  not  been  described  previously. 

Terminology  and  Abbreviations 

The  morphological  terminology  employed  here  follows  that  of  Michener  (1965). 

Relative  dimensions  quoted  in  the  descriptions  are  directly  comparable  between  sexes 
and  species.  All  were  measured  using  an  eye-piece  graticule  on  a stereomicroscope  with 


* Western  Australian  Museum,  Francis  Street,  Perth.  Western  Australia  6000 
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Figure  I Leioprocius  capiio  spccics-group:  (a.  b)  male  and  female,  respectively,  of  L.  d)  same  ol 

/..  lucanus:  (c,  f)  inner  and  outer  views,  respectively,  of  fore  tibia  and  tarsus  ol  /..  capiio  female 
showing  pollen  brush  extending  over  tibia;  (g)  detail  (from  e)  showing  brush  hairs  at  apex  oi 
tibia.  Scale  lines  (a-d)  5 mm,  (e.f)  I mm,  (g)  0. 1 mm. 
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[-* HW 


Figure  2 Head  and  left  antenna  of  a Leioproctus  showing  some  of  the  measurements  used  in  this  paper 
and  their  abbreviations  (for  explanation  see  Terminology  and  Abbreviations). 


the  zoom  objective  set  to  give  a head  width  reading  of  50  divisions.  By  doubling  the  figure 
for  any  given  dimension,  a percentage  of  head  width  is  obtained.  The  methods  of 
obtaining  certain  measurements  are  illustrated  in  Figures  2 and  3 i and  abbreviations 
used  for  them  are  as  follows: 

AOD  Antennocular  distance 

ASD  Diameter  of  antennal  socket 

BMW  Basal  width  of  mandible  (viewed  laterally) 

DMA  Distance  between  anterior  mandibular  articulations 
FL  Flagellum  length 
HL  Head  length 

HVO  Height  of  vertex  above  lateral  ocelli 

HW  Head  width 

lAD  Interantennal  distance 

LID  Lower  interorbital  distance 

LPL  Labial  palpus  length 

LP4L  Length  of  distal  segment  of  labial  palpus 

ML  Mandible  length 

MOD  Diameter  of  median  ocellus 

MPL  Maxillary  palpus  length 

OOD  Ocellocular  distance 

PGL  Length  of  post-palpal  portion  of  galea 

PML  Prementum  length  (from  base  to  insertion  of  palpi) 

SL  Scape  length 


585 


New  paracolletine  bees 


SW  Scape  width 
UFW  Upper  width  of  face 
UID  Upper  interorbital  distance 
woe  Width  of  ocellar  cluster 

LID,  UFW  and  UID  are  not  measurable  in  some  instances  when  the  inner  orbits  are 
strongly  divergent  ventrally  or  dorsally. 

In  the  lists  of  specimens  examined,  collectors'  names  are  abbreviated  as  follows;  BPH, 
B.P.  Hanich;  CAH,  C.A.  Howard;  JCC,  J.C.  Cardale;  TFH,  T.F,  Houston,  HS  means 
homestead.  The  following  abbreviations  are  used  for  collections  in  which  specimens  are 
lodged:  ANIC,  Australian  National  Insect  Collection,  Canberra;  SAM,  South 
Australian  Museum;  UQIC,  University  of  Queensland  Insect  Collection,  Brisbane; 
WAM,  Western  Australian  Museum,  Perth. 


Systematics 

Colletidae:  Colletinae:  Paracolletini 
Genus  Leioproctus  Smith 

Leioproctus  capita  species-group 

Diagnosis 

Most  readily  distinguishable  from  other  Leioproctus  s.  str.  by  the  enlarged  labial 
palpi:  labial  palpus  1 .3-2.8  x as  long  as  maxillary  palpus,  distal  (fourth)  segment  0.4- 1.2  x 
as  long  as  antennal  scape,  compressed  and  usually  expanded,  lanceolate  (Figure  3 k, 
m-o). 

Description 

The  following  characteristics  are  additional  to  those  noted  in  the  diagnosis. 

Frons  and  vertex  uniformly  convex  (not  sunken  between  lateral  ocelli  and  compound 
eyes);  vertex  slightly  to  greatly  developed  above  level  of  compound  eyes  and  ocelli;  genae 
moderately  to  strongly  developed  (0.6- 1 .4  x as  wide  as  compound  eyes  viewed  laterally); 
interantennal  distance  equal  to  or  greater  than  antennocular  distance;  interantennal  area 
transversely  convex,  more  or  less  confluent  with  gently  raised,  somewhat  triangular 
supraclypeal  area;  malar  area  extremely  short  or  absent;  antennae  of  both  sexes 
relatively  short,  scape  not  or  barely  reaching  mid  ocellus,  flagellum  of  male  only  0.5-0.9  x 
as  long  as  head  width,  cylindrical  except  at  tapered  ends;  proboscis  moderately  to 
strongly  elongated  ( Figure  3 k),  glossa  extended  forward  of  sclerotized,  pigmented  apex 
of  prementum  on  a more  or  less  membranous  stem  by  as  much  as  its  own  length  ( Figure 
3 j);  glossal  brush  strongly  developed,  hairs  about  as  long  as  or  much  longer  than  medial 
length  of  glossa;  metanotum  not  tuberculate  but  prominent  medially  in  some  species; 
propodeal  enclosure  with  steeply  sloping  basal  surface  rounding  evenly  onto  vertical 
posterior  surface  with  no  separating  carina;  fore  wing  with  2nd  submarginal  cell  about 
half  as  long  as  3rd  and  one  third  as  long  as  1st;  inner  hind  tibial  spur  of  female  pectinate 
with  8-16  long  teeth  (Figure  3 c);  scopal  setae  of  hind  tibia  of  female  dense,  highly 
plumose. 
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Figure  3 Leiuproctus  capita  spccics-group:  (a-c)  tore,  mid  and  inner  hind  libial  spurs,  respectively,  of  L. 

capita  female:  (d-h)  mandibles  of  males  (outer  apical  or  outer  views,  pubescence  omitted)  of  (d) 
L.  capita,  (e)  L iucanus.  (0  L.  eremiiulus,  (g)  /..  lancealatus,  (h)  /,.  lucidicinctus:  {\)  left  maxilla 
(PGL  = prepalpal  portion  of  galea)  and  (j)  apex  of  labium  (anterior  view)  of  L capita  female;  (k) 
head  (pubescence  omitted)  and  proboscis  of  L langipalpus  female,  left  lateral  view;  (1)  labrum  of 
L.  lucidicinctus  female;  (m-o)  apex  of  labium  (left  lateral  views)  of  females  of  (m)  L.  kumarina. 
(n)  L.  capita  and  (o)  L.  eremitulus.  Scale  lines  0.5  mm. 
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Distribution 

Arid  and  semiarid  regions  (Eremaean  Province)  of  Australia. 

Flower  Preferences 

By  far  the  majority  of  specimens  of  the  capita  group  (i.e.  102  of  110  males  and  87  of 
102  females)  were  collected  at  flowers  of  Eremophila.  Blue  or  bluish  flowered  species  are 
preferred  and  no  records  are  known  of  the  bees  visiting  the  reddish-flowered  and 
predominantly  bird-pollinated  species. 

A few  specimens  were  collected  at  flowers  of  other  plant  genera.  The  following  species 
were  collected  at  flowers  of  Dipteracanthus  sp.  ( Acanthaceae):  capita  (2(5,  3$), 
erernitulus  (1^,  1$)  and  lancealatus  (1(5,  19)-  None  of  the  females  collected  from 
Dipteracanthus  carried  pollen  loads  (although  a few  very  large  pollen  grains  occurred 
scattered  on  the  hind  tibiae,  grains  too  large  to  be  carried  in  bulk  amongst  the  finely 
divided  scopal  setae).  As  the  blue  flowers  of  Dipteracanthus  are  similar  to  those  of 
Eremophila  in  size  and  form,  the  bees  may  have  mistaken  them  for  those  of  their  usual 
forage  plants. 

One  of  16  males  of  eremites  was  collected  at  flowers  of  Ptilatus  obovatus 
(Amaranthaceae)  and  one  of  four  males  of  lucanus  and  the  unique  holotype  female  of 
kumarina  on  flowers  of  Scaevala  spinescens  (Goodeniaceae). 

In  summary,  all  or  most  specimens  of  each  species  (except  kumarina)  were  collected  at 
flowers  of  Eremophila.  In  view  of  this  and  their  specialized  mouthparts  (described 
below),  they  are  presumably  oligolectic  on  Eremophila.  Because  kumarina  has  similar 
mouthparts,  I expect  it,  too,  will  prove  to  be  similarly  oligolectic. 

Bionomics 

Nesting  sites  of  only  one  species,  L.  eremites,  have  been  observed:  about  20  burrows 
were  found  amongst  small  tussocks  of  grass  on  a flat  road  verge  21  km  NW  of  Belele 
Homestead,  W.  A.  All  burrows  were  open  and  females  were  trafficking  to  and  fro.  The 
aggregation  occupied  about  2 m-.  Three  females  were  collected  near  Coppin  Pool,  W,  A., 
while  burrowing  under  separate  pebbles  on  a dirt  track. 

Five  species  are  active  during  the  late  winter-spring  period  ( August-November)  and 
the  late  summer-autumn  period  (February-May)  as  well.  Three  species  (canutus, 
concavus  and  kumarina)  are  recorded  only  for  the  vernal  period  but  on  the  basis  of  very 
few  collections.  1 wo  species  (capita  and  longipalpus)  are  recorded  only  for  the  autumnal 
period,  again  on  the  basis  of  few  collections. 

Discussion 

This  group  contains  some  very  unusual  species  (such  as  L.  capita  and  L.  lucanus) 
which,  by  themselves,  could  warrant  a separate  subgenus.  However,  the  characters  of 
other  members  of  the  species-group  grade  back  into  those  of  Leioproctus  sensu  stricto  as 
defined  by  Michener  (1965). 

Some  morphological  features  of  the  group  are  as  follows. 

(1).  A trend  towards  increased  cephalic  development  and  reduction  of  the  antennae. 
This  is  most  evident  in  males  and  culminates  in  those  of  capita  and  lucanus.  Least 
development  occurs  in  longipalpus.  Cephalic  development  includes  elevation  of 
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vertex  well  above  level  of  compound  eyes  and  ocelli,  swelling  of  genae,  broadening 
of  lower  face  so  that  compound  eyes  diverge  ventrally,  and  elongation  of  mandibles 
with  loss  of  subapical  tooth.  These  modifications  may  serve  to  make  the  mandibles 
more  powerful  and  effective  pincers  for  grasping  other  individuals,  either  females 
during  copulation  or  males  during  intraspecific  combat. 

The  relative  size  of  the  antennal  flagellum  shows  a negative  correlation  with  the 
degree  of  cephalic  enlargement  in  males  (cf  Figures  4 a and  5 d). 

(2) .  Reversed  sexual  size  dimorphism.  Males  of  capita  and  lucanus  are  conspicuously 

larger  than  their  females,  especially  in  respect  of  their  heads  (Figure  1 a-d).  For 
example,  in  a sample  of  1 1 males  and  10  females  of collected  together,  head 
widths  ranged  from  3. 8-4.3  mm  (x  = 4. 1 mm)  in  males  and  2.8-3. 1 mm  (x  = 3.0  mm) 
in  females.  Thus,  there  is  complete  separation  of  the  size  ranges  of  the  sexes. 

In  eremites  there  is  considerable  overlap  of  the  size  ranges  of  the  sexes  with  head 
widths  of  males  averaging  slightly  more  than  those  of  females.  I n eremitulus  there  is 
also  overlap  of  the  size  ranges  but  it  is  the  females  which  average  slightly  larger. 

Female  bees  are  usually  larger  than  their  males  and  when  males  are  the  larger  sex 
the  species  is  usually  one  in  which  male  combat  is  common  and  intense  (Alcock  & 
Houston  1987).  Although  1 have  observed  males  of  capita,  lucanus  and  other 
members  of  the  capita  group  patrolling  their  forage  plants,  1 have  not  observed  any 
male-male  or  male-female  interactions.  Also,  unlike  many  other  bees  where  males 
are  the  larger  sex,  there  is  no  pronounced  size  variation  or  allometry  amongst  males 
of  capita  and  lucanus. 

(3) .  Development  of  a fore  tibial  pollen  brush.  A well-developed  brush  of  specialized 

setae  occurs  on  the  anterior  surface  of  the  fore  tibia  of  females  of  capita, 
lanceolatus,  lucanus  and  lucidicinctus.  The  setae  are  fairly  erect,  simple,  and  bent 
distally  towards  the  apex  of  the  tibia  ( Figure  1 2 e-g).  They  are  similar  to  setae  on  the 
anterior  surface  of  the  basitarsus  and  presumably  serve  a similar  function  of 
sweeping  up  pollen.  A less  distinct  brush  occurs  in  eremites  and  none  is  developed 
in  the  remaining  species. 

(4) .  A trend  towards  reduction  of  the  maxillary  palpi.  Most  evident  in  capita  and 

lucanus,  least  evident  in  cancavus,  kumarina  and  langipalpus.  Reduction  of  the 
palpi  suggests  a loss  of  function  for  these  appendages. 

(5) .  Elongation  of  the  proboscis  as  a whole.  When  related  to  the  size  of  the  head,  the 

proboscis  in  all  members  of  the  capita  group  is  distinctly  longer  than  that  of  most 
Leiapractus.  The  cardines,  stipites,  prementum  and  glossa  (especially  basaily)  are 
all  unusually  long  and  slender  (Figure  3 k).  This  elongation  together  with  the 
unusually  long  labial  palpi  (Figure  3 k,  m-o)  presumably  permits  bees  to  reach 
nectar  of  Eremophila  flowers  through  the  largely  occluded  constriction  of  the 
corolla  tube  (Houston  1983). 

Key  to  the  species  of  the  Leioproctm  capita  species-group 

1.  Inner  orbits  diverging  downwards,  strongly  in  males  (Figure 
4 a,  e),  slightly  in  females  (Figure  4 b);  maxillary  palpus  only 
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Figure  4 Leioproctus  capiiu  species-group  heads  (pubescence  omitted);  (a-e)  anterior  views  of  (a,  b)  L. 

capita  male  and  female,  respectively,  (c,  d)  L.  eremites  male  and  female,  respectively,  and  (e)  L 
lucanus  male;  (0  L.  lucanus.  left  lateral  view;  (g,  h)  posteroventral  views  of  females  of  L.  lucanus 
and  L.  capita,  respectively  (a,  area  of  hypostoma  bounded  posteriorly  by  hypostomal  carina,  c). 
Scale  lines  I mm. 
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about  half  as  long  as  post-palpal  portion  of  galea  (Figure  3 i) 2 

Inner  orbits  converging  downwards  (e.g.  Figure  5 b-e)  or 
more  or  less  parallel  (e.g.  Figure  5 a);  maxillary  palpus  at 
least  0.7  x as  long  as  post-palpal  portion  of  galea 3 

2.  Male  with  lower  gena  excavated,  angular  (Figure  4 f), 
mandible  excavated  subapically  on  anterior  margin,  a 
prominent  angle  proximal  to  excavation  ( Figure  3 e);  female 
with  hypostomal  carina  defining  a broad  area  near  base  of 

mandible  (Figure  4 g) L.  lucanus 

Male  with  lower  gena  evenly  convex,  mandible  weakly 
emarginate  subapically  on  anterior  margin,  without  a 
prominent  angle  proximal  to  excavation  ( Figure  3 d);  female 
with  hypostomal  carina  defining  only  a very  narrow  area 
near  base  of  mandible  (Figure  4 h) L capita 

3.  Distal  (4th)  segment  of  labial  palpus  as  long  as  or  longer  than 

antennal  scape  4 

Distal  segment  of  labial  palpus  distinctly  shorter  than 

antennal  scape  6 

4.  Maxillary  palpus  distinctly  exceeding  apex  of  galea; 
propodeal  enclosure  and  1st  metasomal  tergum  of  male 

glossy,  of  female  partly  or  moderately  glossy L longipalpus 

Maxillary  palpus  not  reaching  apex  of  galea;  propodeal 
enclosure  and  1st  metasomal  tergum  of  both  sexes  dulled  by 
fine  sculpture 5 

5.  Male  with  mandible  bearing  a distinct  subapical  tooth 

(Figure  4 f)  and  ventral  margin  of  labrum  slightly  concave  L eremitulus 

Male  (female  not  recognized)  with  mandible  lacking  a 
distinct  subapical  tooth  (Figure  5 c),  ventral  margin  of 
labrum  slightly  convex L canutus 

6.  Inner  orbits  more  or  less  parallel;  maxillary  palpus  not 
attaining  apex  of  galea;  fore  tibia  of  female  with  uniform  set 

of  brush  hairs  similar  to  those  of  basitarsus  (Figure  I e-g) 7 

Inner  orbits  distinctly  converging  downwards  (e.g.  Figure  5 
e);  maxillary  palpus  attaining  or  exceeding  apex  of  galea  (if 
not,  see  Incertae  sedis,  I);  fore  tibia  of  female  (males 
unknown)  without  a uniform  set  of  brush  hairs 9 

7.  Hind  margins  of  metasomal  terga  1-4  ($)  or  1-5  ((5)  with 
bands  of  adpressed  white  pubescence  (interrupted  medially, 

often  incomplete) L lanceolatus 

Hind  margins  of  metasomal  terga  entirely  without  bands  of 

white  pubescence 8 

8.  Hind  margins  of  metasomal  terga  broadly  hyaline;  female 
with  labrum  transversely  carinate  (Figure  3 1),  setae  of  hind 
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tibiae  wholly  white L lucidicinctus 

Hind  margins  of  metasomal  terga  not  hyaline;  female  with 
labrum  not  transversely  carinate,  setae  of  hind  tibiae  largely 

sooty L.  eremites 

9.  Clypeus  of  female  (male  unknown)  sunken  slightly  medially; 

metasomal  terga  dulled  by  fine  sculpturing  between 

punctures L concavus 

Clypeus  of  female  (male  unknown)  evenly  gently  convex; 

metasomal  terga  closely  punctured  but  shining L kumarina 


fncertae  Sedis 

Several  specimens  of  the  capita  group  which  were  available  to  me  could  not  be  placed 

with  certainty  in  any  of  the  recognized  species.  They  are  detailed  below. 

1.  5 $,  in  WAM  (87/ 1449-50,  89/ 40 1-3),  18  km  WSW  of  Mulline,  29^>5rS,  120"20'E, 
Western  Australia,  23  Sept.  1982,  BPH  & TFH,  on  flowers  of  Eremophiia 
pantonii.  These  females  are  distinct  from  all  others  of  the  group.  They  are,  perhaps, 
the  females  ol  L.  canutus  (]^x\ovjn  only  from  the  unique  male  holotype)  but  there 
are  no  distinctive  features  permitting  positive  association. 

In  the  key,  the  females  run  to  couplet  6 and  would  run  to  couplet  9 and  L 
concavus  were  it  not  for  the  fact  that  the  maxillary  palpus  does  not  attain  the  apex 
of  the  galea.  They  differ  from  concavus  also  in  being  larger  and  having  the 
metasoma  entirely  black. 

2.  1 (5.  1 ifi  WAM  (89/399-400),  10  miles  SW  of  Charleville,  Queensland,  15  April 
1969,  TFH,  on  flowers  of  Eremophiia  gilesii. 

Initially,  1 identified  this  pair  as  lanceolatus  on  the  basis  of  external  features  and 
particularly  the  presence  of  partial  apical  bands  of  white  tomentum  on  the 
metasomal  terga.  However,  the  terminalia  of  the  male  proved  to  be  much  more  like 
those  of  L.  eremites. 


Leioproctus  (Leioproctus)  canutus  sp.  nov. 

Figures  5 c;  6 a-c 

Holotype 

in  WAM  (89  385),  5,  10  km  ESE  of  Meedo  HS(25MO'S,  I I4"37'E),  Western  Australia,  23-26  Aug.  1980, 
C.A.  Howard  & T.E'.  Houston  336-9,  on  Howers  of  Eremophiia  maiilandii. 

Diagnosis 

Male  (female  unknown)  most  like  L.  eremitulus  and  L.  longipalpus  in  having  inner 
orbits  slightly  converging  ventrally  (Figure  5 c),  lower  face  relatively  narrow 
(DMA;  HW  ca.  0.6),  distal  segment  of  labial  palpus  about  as  long  as  antennal  scape. 
Differs  from  longipalpus  in  having  relatively  shorter  palpi  and  dull  propodeal  enclosure. 
Differs  from  eremitulus  in  having  subapical  tooth  of  mandible  obtuse,  indistinct,  and 
metasomal  terga  2-5  with  numerous  long  erect  white  plumose  setae. 
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Figure  5 Leioproaus  capita  spec'es-group  heads  (anterior  views,  pubescence  omitted):  (a-d)  males  of  (a) 
L.  lucidicinctus,  (b)  L.  eremitulus,  (c)  L.  canutus,  (d)  L.  longipalpus;  {q)  female  of  L.  concavus. 
Scale  lines  1 mm. 
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Figure  6 Leioproclus  capita  species-group  male  terminalia  (left  to  right  - genital  capsule,  7th  and  8th 
metasomal  sterna;  dorsal  views  on  right  halves,  ventral  on  left);  (a-c)  L.  canutus,  (d-0  L- 
eremitulus,  (g-i)  L.  longipalpus.  Scale  lines  0.5  mm. 
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Male  (holotype) 

Head  width  2.07  mm;  body  length  ca.  1 mm. 

Relative  dimensions:  HW50;  HL47;  UID33;  UFW34;  LID  29;  DMA  30;  HV0  4; 
woe  18;  MOD  5;  OOD  8.5;  lAD  9;  ASD  5;  AOD  7;  SL  13;  SW  4.5;  FL  37;  ML  20; 
BMW  7.5;  PML  35;  LPL  ca.  32;  LP4L  12.5;  MPL  ca.  15;  PGL  18.5. 

Head  fairly  rounded  in  anterior  view  with  vertex  moderately  strongly  elevated  above 
level  of  ocelli;  compound  eyes  converging  ventrally  (Figure  5 c);  gena  about  0.7  x as  wide 
as  compound  eye  viewed  laterally;  mandible  virtually  without  a subapical  anterior  tooth 
(tooth  not  excised);  labrum  0.38  x as  long  as  wide,  smooth,  convex,  ventral  margin 
straight;  flagellum  0.74  x as  long  as  head  width,  fairly  cylindrical;  maxillary  palpus  ca. 
0.8  X as  long  as  post-palpal  portion  of  galea;  labial  palpus  ca.  0.93  x as  long  as 
prementum,  distal  segment  0.96  x as  long  as  antennal  scape. 

Integument  wholly  black  to  black-brown  except  for  reddish  apices  of  mandibles  and 
some  orange-brown  at  apices  of  tarsi  and  metasoma;  generally  dull,  coriarious,  except  as 
follows:  clypeus  and  supraclypeal  area  glossy  with  close  to  sparse  medium  puncturing; 
scutum  and  scutellum  weakly  shining  with  close  small  puncturing;  metasomal  terga  very 
dull,  strongly  coriarious  with  sparse  indistinct  puncturing. 

Pubescence  entirely  white,  nowhere  very  dense  but  long,  erect  and  plumose  over  most 
of  head,  body  and  appendages,  that  of  scutum  up  to  2.5  ocellar  diameters  long; 
metasomal  terga  with  setae  shorter,  evenly  sparsely  distributed  but  absent  Irom  hind 
margins. 

Terminalia:  Figure  6 a-c. 

Remarks 

One  of  the  smaller  members  of  the  capita  group  known  only  from  the  unique  male 
holotype.  However,  five  unidentified  females  from  near  Mulline,  W.A.  (see  Incertae 
Sedis),  may  prove  to  be  conspecific. 

Etymology 

The  specific  epithet  is  Latin  for  ‘white-haired'. 


Leioproctus  (Leioproctus)  capita  sp.  nov. 

Figures  1 a,  b,  e-g;  3 a-d,  i,  j,  n;  4 a,  b,  h;  8 a-d 

Holotype 

In  WAM  (82  474),  9.5  km  SE  of  Banjiwarn  HS  (27"42'S,  12I"37'E),  Western  Australia.  22-28 

February  1980.  T.F.  Houston  ei  al.  316-4,  on  flowers  of  Eremuphila  margarelhae. 

Paratypes 

10(5,  99  in  WAM;  5(5.  99  in  SAM.  See  Specimens  Examined. 

Diagnosis 

Most  like  L.  lucanus  and  unlike  other  species  in  having  inner  orbits  diverging  ventrally 
(Figure  4 a,  b),  maxillary  palpus  only  about  half  as  long  as  post-palpal  portion  of  galea; 
mandible  of  male  very  large,  sinuously  curved,  with  anterior  margin  excavated 
subapically  (Figure  3 d).  Differs  from  lucanus  in  having  5-segmented  maxillary  palpi. 
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mandible  of  male  with  smaller  excavation  in  anterior  margin  and  more  obtuse  angle 
proximal  to  excavation  (cf  d and  e Figure  3),  gena  of  male  not  excavated  and  angular, 
hypostomal  carina  of  female  defining  only  a very  narrow  area  near  insertion  of  mandible 
(Figure  4 h)  and  metasoma  of  female  black-brown  (not  orange-brown). 

Description 

Male  (holotype) 

Head  width  3.85  mm;  body  length  ca.  1 1 mm. 

Relative  dimensions:  HW  50;  HL  43;  UID  31;  UFW  -;  LID  -;  DMA  46;  HVO  10; 
woe  li.5;  MOD3;OOD  10;  lAD  1 1;  ASD  3.5;  AOD  10;  SL  14;SW3;FL24;  ML  34; 
BMW  9;  PML  31;  LPL  ca,  20;  LP4L  5.5;  MPL  ca.  7;  PGL  14. 

Compound  eyes  strongly  diverging  ventrally  (Figure  4 a);  vertex  greatly  developed; 
ocelli  closer  to  antennal  sockets  than  to  posterior  margin  of  head;  labrum  emarginate 
mid-ventrally  (medial  length  only  0.28  x width);  mandible  very  long,  sinuate  in  outer 
view  (as  in  lucanus,  Figure  4 f),  anterior  margin  emarginate  subapically,  without  a tooth; 
gena  slightly  v ider  than  compound  eye  viewed  laterally,  profile  even;  maxillary  palpus 
ca.  0.5  X as  lo.ig  as  post-palpal  portion  of  galea;  labial  palpus  ca.  0.67  x as  long  as 
prementum;  distal  segment  0.39  x as  long  as  antennal  scape;  flagellum  0.48  x as  long  as 
head  width. 

Integument  black  to  black-brown  except  as  follows.  Yellow-brown:  scape,  pedicel, 
proximal  portion  of  flagellum,  mid-ventral  margin  of  clypeus,  labrum,  mandibles 
(except  dark  red  apices),  inner  surfaces  of  fore  and  mid  femora  and  tibiae,  distal 
segments  of  tarsi,  distal  portion  of  proboscis.  Tegulae  and  wing  veins  mostly  mid-brown. 
Hind  margins  of  metasomal  terga  hyaline. 

Lower  face  and  metasomal  terga  weakly  shining,  integument  otherwise  rather  dull, 
strongly  minutely  coriarious;  clypeus  with  open  to  close  small  punctures;  areas  below 
antennal  sockets  impunctate;  frons,  vertex  and  scutum  with  open  fine  puncturing; 
metasomal  terga  coriarious  with  sparse  minute  punctures. 

Pubescence  almost  wholly  white  (sooty  setae  occur  at  apex  of  metasoma);  moderately 
long,  more  or  less  erect  plumose  setae  occur  on  head,  thorax,  propodeum,  first 
metasomal  tergum  anteriorly  and  legs  (setae  dense,  obscuring  most  of  integument  on 
paraocular  areas  and  lateral  angles  of  clypeus;  elsewhere  rather  sparse);  rr.etasomal  terga 
with  sparse  covering  of  short,  simple,  more  or  less  adpressed  setae,  most  conspicuous  in 
oblique  illumination. 

Terminalia:  see  Figure  8 a-d;  ‘brush’  on  apex  of  seventh  metasomal  sternum  longer 
and  less  dense  than  that  of  lucanus. 

Fewfl/e  (paratype  WAM  89/367) 

Head  width  2.75  mm;  body  length  ca.  10  mm. 

Relative  dimensions:  HW50;  HL44;  UID31;  UFW-;  L1D-;  DMA38;  HVO  5;  WOC 
13;  MOD  3.5;  OOD  8.5;  lAD  9;  ASD  4;  AOD  8;  SL  14;  SW  3.2;  FL  ca  24;  ML  26; 
BMW  9;  PML  34;  LPL  ca.  24;  LP4L  7;  MPL  9;  PGL  17. 

Compound  eyes  diverging  ventrally,  vertex  strongly  developed  above  ocelli  (Figure  4 
b);  labrum  2.6  x as  wide  as  long,  smoothly  convex  without  carinae;  mandibles  bidentate, 
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anterior  tooth  weak;  maxillary  palpus  0.53  x as  long  as  post-palpal  portion  of  galea, 
5-segmented;  labial  palpus  0.7  x as  long  as  prementum,  distal  segment  0.5  x as  long  as 
antennal  scape;  fore  tibial  calcar  with  long,  tapering,  apical  spine  bearing  several  fine 
teeth  (Figure  3 a);  mid  tibial  spur  strongly  curved  at  apex  (Figure  3 b). 

Integument  of  head,  thorax  and  propodeum  black;  labrum,  antennae  (partly),  legs, 
wing  veins  and  metasoma  dark  brown  to  black-brown.  The  following  are  yellow-brown: 
mandibles  basally  (grading  to  red-brown  distally),  proboscis  distally,  flagella  ventrally, 
inner  surfaces  of  fore  tibiae. 

Clypeus  and  supraclypeal  area  shining  with  close  to  sparse  punctures;  metasomal 
terga  feebly  shining,  coriarious  with  open  minute  puncturing;  remainder  of  integument 
dull,  coriarious  with  (except  propodeal  enclosure)  close  to  open  small  puncturing. 

Pubescence  predominantly  white,  buff  on  vertex  and  dorsum  of  thorax,  dusky  brown 
on  dorsal  edges  of  mid  and  hind  tibiae,  dark  brown  on  5th  and  6th  metasomal  terga; 
setae  moderately  long,  more  or  less  erect,  plumose  on  head,  thorax  (except  scutum), 
propodeum,  metasomal  tergum  1 anteriorly,  2-5  laterally  and  hind  margins  of  sterna; 
scutum  (except  margins)  with  sparse,  simple,  erect  setae  and  short  adpressed  setae; 
metasomal  terga  2-4  with  sparse  cover  of  short  simple  silvery  setae;  fore  tibia  with 
brush-like  set  of  erect,  simple  setae,  curved  at  the  end  and  much  like  those  of  basitarsus 
(Figure  1 e-g). 

Variation 

Slight.  Head  widths  of  males  vary  from  3.35-4. 15  mm,  of  females  from  2.6-3. 15  mm. 

Remarks 

This  species  is  morphologically  very  similar  to  L.  lucanus.  Males  of  both  species  are 
remarkable  for  their  relatively  large  broad  heads  and  long  mandibles  and  for  exceeding 
the  females  in  size  (see  species-group  discussion).  The  two  species  are  sy  mpatric  and  have 
even  been  collected  together  at  the  same  flowers.  While  they  could  be  interpreted  as 
morphs  of  one  species,  1 have  treated  them  as  distinct  species  in  view  of  their 
morphological  constancy  and  lack  of  intergrades. 

Etymology 

The  specific  epithet,  capita,  is  Latin  for  ‘large-headed’. 

Distribution 

‘Goldfields  Region’  of  Western  Australia  (between  Mt  Magnet  and  Laverton)  and  far 
northern  South  Australia. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  6(3'  same  data  as  holotype.  WA  M (82  469, 
47 ! -2,  475-6,  478);  2$,  same  data  as  holotype  but  1 0.5  km  SE  ot  homestead.  W A M (82  465-6);  43.  6$  (2  on 
flowers  of  Eremophila  spaihitlaia),  same  data  as  holotype  but  12.5  km  SSE  ol  homestead,  WAM  (82  457, 
461-4;  89/365-9);  19,  26  km  NE  of  Youanmi,  28'*27'S.  I19"03'E,  15  March  1982,  TFH  & BPH,  on  blue 
flowers  of  Eremophila,  WAM  (89/370).  South  Australia:  23-  39-  45  km  ENE  of  Dalhousie  HS,  26"24'S, 
I35'^54'E,  24  April  1977,  TFH,  on  Oowers  of  Dipteracanthus.  SAM;  33,  69,  6 km  NE  of  Nilpinna  HS.  5 
March  1975,  TFH,  on  blue  flowers  of  Eremophila,  SAM. 
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Figure  7 Leioprocius  capiio  species-group  male  terminalia  (left  to  right  - genital  capsule,  7th  and  8th 
metasomai  sterna;  dorsal  views  on  right  halves,  ventral  on  left):  (a-c)  L.  eremites,  (d-f)  L. 
lanceolaius,  (g-i)  L lucidicinctus.  Scale  lines  0.5  mm. 
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Figure  8 Leioprocius  capita  species-group  male  terminalia  (left  to  right  - genital  capsule,  7th  and  8th 
metasomal  sterna;  (d,  h)  right  lateral  views  of  apices  of  8th  metasomal  sterna;  dorsal  views  on 
right  halves,  ventral  on  left);  (a-d)  L capita,  (e-h)  L lucanus.  Scale  lines  0.5  mm. 

Leioprocius  (Leioprocius)  concavus  sp.  nov. 

Figure  5 e 

Holotype 

In  WAM  (87/  1448),  $,  70-75  km  ENE  of  Norseman,  Western  Australia,  10-16  Nov.  1978,  T.F.  Houston 
et  ai.  220-20,  on  flowers  of  Eremaphila  scaparia. 

Paratypes 

!?  in  ANIC;  32  in  WAM.  See  Specimens  Examined. 

Diagnosis 

Female  (male  unknown)  distinguished  by  the  following  combination  of  characters: 
relatively  small  (body  length  ca.  6 mm),  inner  orbits  converging  ventrally,  vertex  only 
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slightly  elevated  above  ocelli  (Figure  5 e),  clypeus  slightly  depressed  medially  (unique  in 
species-group),  labial  palpi  only  about  0.75  x as  long  as  prementum  and  maxillary  palpi 
as  long  as  post-palpal  portion  of  galea. 

Female  (holotype) 

Head  width  1.85  mm;  body  length  ca.  6 mm. 

Relative  dimensions;  HW  50;  HL  43;  UID  34;  UFW  34;  LID  29;  DMA  30;  HVO  2; 
woe  18;  MOD  4;  OOD  9;  lAD  8;  ASD  4.5;  AOD  7;  SL  14;  SW  4;  FL  25;  ML  20; 
BMW  8;  PML  31;  LPL  ca.  23;  LP4L  8;  MPL  16;  POL  16. 

Vertex  only  weakly  elevated  above  level  of  ocelli  (Figure  5 e);  inner  orbits  moderately 
convergent  ventrally;  clypeus  slightly  sunken  medially;  labrum  0.36  x as  long  as  wide, 
smooth;  mandible  with  very  obtuse  anterior  tooth  and  short  apical  (posterior)  tooth 
(possibly  worn);  maxillary  palpus  as  long  as  post-palpal  portion  of  galea;  labial  palpus 
ca.  0.74  x as  long  as  prementum,  4th  segment  0.59  x as  long  as  scape,  3rd  segment 
expanded  and  compressed  distally,  tapering  proximally;  mid  tibial  spur  only  slightly 
curved  distally. 

Integument  black  to  dark  brown;  metasoma  infused  with  orange-brown  dorsally 
(mostly  on  terga  2 and  3 and  adjacent  parts  of  1 and  4),  hind  margins  of  terga  with  broad 
transparent  bands. 

Clypeus  and  supraclypeal  area  shiny  with  sparse  moderately  large  punctures;  frons, 
vertex,  scutum  and  scutellum  with  close  to  dense  small  punctures,  weakly  shining; 
propodeal  enclosure  mostly  smooth  and  glossy,  coriarious  only  near  anterior  margin; 
metasomal  terga  largely  dull,  strongly  finely  coriarious  with  open  fine  puncturing,  broad 
hind  margins  shiny,  impunctate,  obscurely  coriarious. 

Pubescence  mostly  fairly  sparse,  erect,  plumose  and  white;  scutum,  scutellum  and 
metanotum  with  fairly  dense,  short,  buff,  plumose  setae;  metasomal  terga  with  sparse, 
very  short  simple  setae;  preanal  fimbria  and  scopal  setae  on  outer  (dorsal)  edge  of  hind 
tibia  dusky  brown;  fore  tibia  without  a brush-like  set  of  specialized  setae. 

Variation 

One  paratype  has  the  metasoma  uniformly  black-brown. 

Etymology 

The  specific  epithet  is  Latin  for  ‘concave’  and  alludes  to  the  form  of  the  clypeus. 

Distribution 

South-western  Australia  near  Norseman  and  Kalgoorlie. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  2$  (WAM  87/ 1447,  89/388),  same  data  as 
holotype,  AN  1C,  W AM;  1$  (WA  M 89/  387),  same  data  as  holotype  but  on  flowers  of  Eremophila  caerulea, 
WAM;  1$.  24  km  SW  of  Kalgoorlie  (30«44'S,  121028'E),  10  Oct.  1988,  R.P.  McMillan,  on  Howers  of 
Eremophila.  WAM  (89/389). 
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Leioproctus  (Leioproctus)  eremites  sp.  nov. 

Figures  4 c,  d;  7 a-c 

Holotype 

In  WAM  (88/  1047),  (5,  Coppin  Pool  area.  30  km  S of  Ml  Bruce,  NW  Division  of  Western  Australia. 
10-13  May  1980,  T.F.  Houston  ei  al.  324-2,  on  flowers  of  Eremophila. 

Paratypes 

1(5,  19  in  ANIC;  1(5,  19’  in  UQIC;  12i5,  219  *n  WAM.  See  Specimens  Examined. 

Diagnosis 

Most  like  L.  lanceolatus  and  L lucidicinctus  in  having  inner  orbits  more  or  less 
parallel  (Figure  4 c,  d),  distal  segment  of  labial  palpus  distinctly  shorter  than  antennal 
scape,  lower  face  of  male  relatively  broad  (DMA/'HW  0.72-0.78),  and  fore  tibia  of 
female  with  regular,  brush-like  set  of  specialized  setae  similar  to  those  of  L capita 
( Figure  1 e-g).  Differs  from  both  lanceolatus  and  lucidicinctus  in  having  hind  margins  of 
metasomal  terga  neither  hyaline  nor  with  bands  of  dense  white  pubescence.  Differs  also 
from  lucidicinctus  in  mandible  of  male  being  bidentate. 

Male  (holotype) 

Head  width  3.2  mm;  body  length  ca.  1 1 mm. 

Relative  dimensions:  HW  50;  H L 43;  UID33;  UFW  35;  LID  34;  D M A 39;  H VO  7.5; 
woe  15.5;  MOD  4;  OOD9.5;  IAD9;  ASD4;  AOD9;  SL  13;  SW  3.5;  FL  26;  ML  28; 
BMW  9;  PML  31;  LPL  17.5;  LP4L  9.5;  MPL  ca.  13;  PGL  15. 

Compound  eyes  parallel;  vertex  strongly  elevated  (Figure  4 c);  gena  LI  x as  wide  as 
compound  eye  viewed  laterally;  width  of  labrum  3.3  x medial  length;  ventral  margin  of 
labrum  concave;  mandible  slender  with  acute  subapical  tooth  (like  lanceolatus.  Figure  3 
g);  maxillary  palpus  0.87  x as  long  as  post-palpal  portion  of  galea;  labial  palpus  0.56  x as 
long  as  prementum,  distal  segment  0.73  x as  long  as  antennal  scape;  flagellum  0.52  x as 
long  as  head  width. 

Integument  black  generally,  grading  to  dark  brown  on  appendages  and  apical 
margins  of  metasomal  terga;  dull  generally,  coriarious  with  fine  puncturing;  punctures 
small  and  dense  on  lower  face,  sparse  on  vertex,  moderately  close  on  scutum  and 
metasomal  terga. 

Head,  thorax,  propodeum  (except  enclosure),  legs  proximally  and  1st  metasomal 
tergum  with  moderately  long,  dense,  plumose  setae;  setae  white  generally  but  brown  on 
vertex,  scutum  and  scutellum;  metasomal  terga  2-4  and  apical  margin  of  I with  short, 
simple,  more  or  less  adpressed,  white  setae,  appearing  silvery  in  oblique  light;  similar 
brown  setae  on  terga  5 and  6. 

Terminalia:  Figure  7 a-c. 

Female  (paratype  WAM  88/  1052) 

Head  width  2.7  mm;  body  length  ca.  8.5  mm. 

Relative  dimensions;  HW50;  HL41;  U1D32;  UFW  34;  LFW31;  DMA  33;  HV0  4; 
woe  15;  MOD  3.5;  OOD  8;  lAD  8.5;  ASD  3.5;  AOD  8;  SL  12;  SW  4;  FL  25;  ML  22; 
BMW  8;  PML  32;  LPL  27;  LP4L  10;  MPL  ca.  13;  PGL  16. 
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Compound  eyes  more  or  less  parallel,  inner  orbits  converging  only  slightly  ventrally 
(Figure  4 d);  vertex  moderately  elevated  above  ocelli;  labrum  0.4  x as  long  as  broad, 
uniformly  convex;  mandibles  bidentate;  maxillary  palpus  0.8  x as  long  as  post-palpal 
portion  of  galea;  labial  palpus  0.84  x as  long  as  prementum,  distal  segment  0.83  x as  long 
as  antennal  scape;  fore  and  mid  tibial  spurs  as  in  L.  capiio  (Figure  3 a,  b). 

Integument  black  generally  except  as  follows:  scapes  ventrally,  proboscis,  tegulae, 
wing  veins,  distal  segments  of  tarsi  and  hind  margins  of  metasomal  terga  brown. 

Clypeus  densely  punctate,  shining  between  punctures;  supraclypeal  area  glossy, 
impunctate  medially;  otherwise  sculpture  much  as  in  male. 

Fore  tibia  anteriorly  and  laterally  with  an  even  brush-like  cover  of  setae  (similar  to 
that  of  capita.  Figure  1 e-g,  but  setae  finer  and  less  bent);  hind  tibia  with  scopal  setae 
grading  from  white  ventrally  to  dusky  brown  dorsally;  metasomal  terga  5 and  6 with 
long  brown  plumose  setae;  pubescence  otherwise  as  in  male. 

Variation 

Head  widths  range  from  2.7-3.25  mm  in  males  and  2.6-3. 1 mm  in  females. 

Remarks 

This  species  is  morphologically  closest  to  L lanceolatus,  differing  chiefly  in  features  of 
metasomal  pubescence  and  male  terminalia.  It  appears  to  be  allopatric  (or  perhaps 
parapatric)  with  lanceolatus  in  Western  Australia.  In  view  of  a male  from  near 
Charleville,  Qd  (see  Incertae  Sedis),  with  the  pubescence  of  lanceolatus  but  terminalia 
much  more  like  those  of  eremites,  these  two  forms  may  prove  to  be  no  more  than 
subspecies. 

The  sexes  were  associated  on  the  basis  of  coincident  collection  records  and 
morphological  similarity. 

Etymology 

The  specific  epithet  is  Latin  meaning  ‘of  the  desert’. 

Distribution 

North-western  Australia  between  Newman,  Cue  and  Carnarvon. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  2$.  21  km  NW  of  Belele  HS  (26'’22'S, 
1 18«0I'E),  4Sept.  1980,  CAH  & TFH.  ex  burrow  in  road  verge,  WAM  (89/382-3);  !<?,  121  miles  NNE  of 
Carnarvon.  22  Aug.  1971,  TFH,  on  blue  Eremophila,  WAM  (89/372);  2(5,  6$,  Coppin  Pool  area,  30  km  S 
of  Mt  Bruce,  N W Division,  10-13  May  1980,  TFH  e/  al,  on  flowers  of  Eremophila  or  (39)  burrowing  under 
stones  on  track.  (WAM  88/  1046.  1048,  1052-7),  ANIC,  UQIC,  WAM;  95,  29,  8 km  S of  Lyons  River  HS 
(24'’38'S.  115‘^20'E),  30  Aug.  1980,  CAH  & TFH.  on  flowers  of  Eremophila  plaiycalyx  var.  lancifolia, 
(WAM  88  1034-44).  ANIC,  UQIC,  WAM;  2 5.  same  as  preceding  but  16  km  W'SW'  of  HS,  30  Aug.-I  Sept.. 
15  on  flowers  of ‘flannel  leaf  Eremophila,  1 5 on  Bowers  of  Ptilotus  oboyatus,  WAM  (82/551,  89/371);  19' 
26  km  ESE  of  Minnie  Creek  HS  {24'>02'S,  1 15''42'E),  2 Sept.  1980.  CAH  & TFH,  on  Bowers  of  Eremophila 
cuneifolia,  WAM  (89  384);  59,  Mt  Augustus  (24<>20'S,  1 16"50'E).  3 Sept.  1980,  CAH  & TFH.  on  Bowers  of 
Eremophila  aifin.freelingii,  WAM(82,  548-50,  89/373-4);  79'  14  miles  NE  of  Newman,  28  Aug.  1971, TFH, 
on  blue  Bowers  of  Eremophila,  WAM  (89/375-81). 
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Leioproctus  (Leioproctus)  eremitulus  sp.  nov. 

Figures  3 f,  o;  5 b;  6 d-f 

Holotype 

InSAM,i3,45kmENEof  Dalhousie  HS,  South  Australia,  26^’24'S,  135"54'E,  24  April  1977,  copulating 
in  Dipteracanlhus  flower,  T.  F.  Houston. 

Paratypes 

385,  199  in  ANIC;  19  in  SAM;  25,  29  in  WAM. 

Diagnosis 

Most  like  L canutus  (vide)  and  L.  longipalpus,  differing  from  both  in  having 
mandible  of  male  with  distinct,  acute,  subapical  tooth  ( Figure  3 0-  Differs  from  canutus 
also  in  having  off-white  to  buff  (rather  than  pure  white)  pubescence  in  male,  metasomal 
terga  of  male  with  mostly  short,  simple  setae,  dorsum  of  thorax  of  female  fairly  densely 
pubescent  and  distal  segment  of  labial  palpus  of  female  relatively  longer,  as  long  as 
antennal  scape.  Differs  from  longipalpus  also  in  having  propodeal  enclosure  wholly 
coriarious  and  dull,  maxillary  palpus  (at  least  in  female)  relatively  shorter  (not  reaching 
apex  of  galea),  vertex  of  male  more  strongly  elevated  ( Figure  5 b)  and  flagellum  of  male 
relatively  shorter. 

Male  (holotype) 

Head  width  1.85  mm;  body  length  6.5  mm. 

Relative  dimensions:  HW50;  HL48;  DID  34;  UFW35;  LID  30;  DMA  30;  HV0  5; 
woe  18;  MODS;  OOD  9;  I AD  9;  ASD  5;  AOD  7;  SL  13;  SW  4.5;  FL  ra.  35;  ML  22; 
BMW  9;  PML  40;  LPL  42;  LP4L  15;  MPL  ? (obscured;  = 16  in  paratype);  PGL  20. 

Vertex  strongly  elevated  above  level  of  ocelli  (Figure  5 b);  inner  orbits  converging 
slightly  ventrally;  gena  0.9  x as  wide  as  compound  eye  viewed  laterally;  mandibles 
slender,  distinctly  bidentate  with  acute  subapical  tooth  (Figure  3 f);  flagellum  fairly 
cylindrical,  0.7  x as  long  as  head  width;  labrum  5 x wider  than  long,  ventral  margin 
gently  concave;  labial  palpus  relatively  very  long,  1.05  x as  long  as  prementum,  2nd 
segment  attaining  apex  of  glossa  (Figure  3 o),  4th  segment  1.15  x as  long  as  antennal 
scape. 

Integument  black  to  dark  brown  generally  with  hind  margins  of  metasomal  terga  light 
brown,  transparent;  dull  generally  except  clypeus  and  supraclypeal  area  which  are  glossy 
with  open  to  sparse  medium  puncturing;  labrum  and  mandibles  distally  glossy;  frons 
finely  vertically  striate;  vertex,  scutum  and  scutellum  finely  coriarious  with  open 
puncturing;  propodeal  enclosure  dull,  coriarious;  metasomal  terga  dull,  shagreened 
(except  apical  margins),  without  distinct  punctures. 

Pubescence  mostly  white  to  off-white  (buff  on  dorsum  of  thorax),  erect,  plumose, 
rather  sparse;  metasomal  terga  2-5  with  sparse  vestiture  of  short,  erect,  simple  setae. 
Terminalia:  Figure  6 d-f. 

Female  (paratype  in  SAM) 

Head  width  2.25  mm;  body  length  ca.  8 mm. 

Relative  dimensions:  H W 50;  H L 47;  U1 D 32;  UFW  35;  L1D31;  DMA  32;  H VO  3.5; 
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woe  18;  MOD4;OOD8;IAD9;  ASD4;  AOD8;SL  i5;SW4;FL27;  ML  25;  BMW 
8.5;  PML  38;  LPL  40;  LP4L  15;  MPL  16;  PGL  19. 

Head  generally  similar  to  that  of  male;  mandibles  bidentate,  both  teeth  acute;  labrum 
smooth,  convex,  with  convex  ventral  margin;  maxillary  palpus  0,84  x as  long  as 
post-palpal  portion  of  galea;  labial  palpus  1 .05  x as  long  as  prementum,  4th  segment  as 
long  as  antennal  scape;  fore  and  mid  tibial  spurs  much  as  in  L.  capita  but  latter  not  as 
strongly  curved  distally. 

Coloration,  sculpturing  and  pubescence  as  in  male  except  as  follows.  Metasomal  terga 
sparsely  indistinctly  punctured;  fore  tibia  fairly  densely  setose  but  setae  not  specialized 
nor  forming  a brush  as  in  capita;  scutum,  scutellum  and  metanotum  with  fairly  dense, 
moderately  short,  buff,  plumose  setae;  outer  (dorsal)  scopal  setae  of  hind  tibia  dusky; 
preanal  fimbria  brown. 

Variation 

Head  widths  vary  from  1.95-2.20  mm  in  males  and  2.15-2.35  mm  in  females. 

Remarks 

The  sexes  were  associated  on  the  basis  of  a pair  taken  in  copula  and  numerous 
coincident  collection  records. 

Etymology 

The  specific  epithet  is  the  diminutive  form  of  the  Latin  word  eremites  meaning  ‘of  the 
desert'. 

Distribution 

Central  Australia  and  far  northern  South  Australia. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  South  Australia:  1$,  same  data  as  holotype,  SAM;  lij.  1$,  17 
km  E of  Granite  Downs,  26‘»57'S.  133«40'E,2I  Sept.  1978.  JCC,  ANIC;  95.  59,  Indulkana  Ck,  7 km  E by  S 
of  Granite  Downs,  26*'57'S.  133‘*34'E,  21  Sept.  1978,  JCC,  on  flowers  of  Eremophila  freelingii  F.  Muell., 
A NIC.  Northern  Territory:  (near)  Alice  Springs  (245.  ^9. 39  km  E of.  23"4rS,  I34‘M5'E.  26  Sept.,  on  flowers 
of  Eremophila  35.  119.53  km  E by  N of.  23'’35'S,  134^22'E.  6 Oct.,  on  flowers  of  Eremophila  sp.;  15^41 
km  S by  E of,  24''03'S.  133‘'59T,4  0ct.;  19.  56  km  S by  E of,  24"irS,  l34"0rE,  3 Oct.,),  1978,  JCC,  ANIC, 
WAM;2  5.  8km  N of  Kulgera,  25^*46'S,  133'^17'E,  21  Sept.  1978,  JCC,  on  flowers  of  Eremophila  freelingii  F. 
Muell.,  ANIC. 


Leioproctus  (Leioproctus)  kumarina  sp.  nov. 

Figure  3 m 

Holotype 

In  WAM  (89/386),  9>  83  miles  S of  Newman,  Western  Australia,  29  Aug.  197 1,  T.F.  Houston,  on  (flowers 
oO  Scaevola  spinescens. 

Diagnosis 

Female  (male  unknown)  distinguished  by  the  following  combination  of  characters: 
inner  orbits  converging  ventrally;  fore  tibia  without  a brush-like  vestiture  of  regular 
specialized  setae;  maxillary  palpus  exceeding  apex  of  galea;  labial  palpus  only  0.88  x as 
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long  as  premenlum,  3rd  segment  not  compressed,  circular  in  section  (Figure  3 m); 
metasomal  terga  closely  punctured,  shining  between  punctures. 

Female  (holotype) 

Head  width  2.45  mm;  body  length  ca.  8.5  mm. 

Relative  dimensions:  HW  50;  HL  44;  UID3I;  UFW  33;  LID  29;  DMA  30;  HVO  3; 
woe  17;  MOD  4;  OOD  7.5;  lAD  8;  ASD4;  AOD  7.5;  SL  14;  SW  3.5;  FL  ca.  26;  ML 
22;  BMW  8;  PML  34;  LPL  ca.  30;  LP4L  10;  MPL  17;  PGL  15. 

Inner  orbits  converging  slightly  ventrally;  gena  0.8  x as  wide  as  compound  eye  viewed 
laterally;  mandible  bidentate,  subapical  tooth  small  but  acute;  labrum  smooth,  convex, 
2 8 X wider  than  long;  maxillary  palpus  1.13  x as  long  as  post-palpal  portion  of  galea; 
labial  palpus  0.88  x as  long  as  prementum,  2nd  segment  not  attaining  apex  of  glossa,  3rd 
slender  and  round  in  section,  4th  0.7  x as  long  as  antennal  scape,  strongly  compressed 
and  widened  proximally  (Figure  3 m);  fore  and  mid  tibial  spurs  much  as  in  L.  capita  but 
latter  not  as  strongly  curved  distally. 

Integument  black  to  dark  brown;  supraclypeal  area  and  clypeus  glossy  with  sparse, 
large  punctures;  frons  and  vertex  weakly  shining  with  close  small  punctures;  scutum  and 
scutellum  dulled  by  dense  small  punctures;  propodeal  enclosure  coriarious  and  dull 
dorsally,  smooth  and  glossy  posteriorly;  metasomal  terga  shining  with  distinct,  close  to 
open  small  puncturing  except  on  hind  margins,  not  coriarious. 

Pubescence  mostly  white,  sparse  and  erect  but  scutum,  scutellum  and  metanolum 
with  fairly  dense,  short,  buff  tomentum;  metasomal  terga  2-4  with  very  short  simple  setae 
dorsally;  preanal  fimbria  brownish;  scopal  setae  on  outer  (dorsal)  margin  of  hind  tibia 
dusky  brown. 

Remarks 

Known  only  from  the  unique  holotype  female. 

Etymology 

The  specific  epithet  is  a noun  in  apposition.  Kumarina  is  the  nearest  settlement  to  the 
type  locality. 


Leioproctus  (Leioproctus)  lanceolatus  sp.  nov. 

Figures  3 g;  7 d-f 

Holotype 

In  WAM  (82  479),  5,  1 I km  W of  Banjiwarn  HS  (27"42'S.  12I"37'E),  Western  Australia.  21  Feb.  1980, 
r.F.  Houston  et  al.  315-1,  on  blue  flowers  of  Eremophila. 

Paratypes 

7(5,  49  in  ANIC;  \S,  19  in  SAM;  8^,  79  in  WAM.  See  Specimens  Examined. 

Diagnosis 

Most  like  L.  eremites  (vide)  and  L lucidicinctus.  Differs  from  these  and  other 
members  of  the  group  in  having  at  least  partial  bands  of  adpressed  white  pubescence  on 
hind  margins  of  metasomal  terga  1-4  or  5.  Diflers  from  lucidicinctus  also  in  mandible  of 
male  being  bidentate  (Figure  3 g). 
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Male  (holotype) 

Head  width  2,8  mm;  body  length  ca.  8.5  mm. 

Relative  dimensions:  HW  50;  HL  44;  UID  32;  UFW  -;  LID  DMA  38;  HVO  6.5; 
woe  15-2;  MOD  4;  OOD  8.5;  I AD  9;  ASD  3.5;  AOD  8.5;  SL  12.5;  SW  3.5;  FL  ca.  26; 
ML  27;  BMW  10;  PML  31;  LPL  26;  LP4L  8;  MPL  ca.  10;  PGL  15. 

Similar  to  male  of  eremites  except  as  noted  in  Diagnosis  and  with  the  following 
additional  differences:  maxillary  palpus  0.75  x as  long  as  post-palpal  portion  of  galea; 
labial  palpus  0.84  x as  long  as  prementum,  distal  segment  0.64  x as  long  as  antennal 
scape;  integument  generally  weakly  shining;  dorsal  margin  of  clypeus  and  supraclypeal 
area  medially  impunctate;  punctures  of  metasomal  terga  minute,  sparse,  indistinct;  setae 
of  vertex,  scutum  and  scuteilum  buff;  metasomal  terga  2-5  (except  apical  margins)  with 
short,  simple,  more  or  less  adpressed  brown  setae,  not  appearing  silvery  in  oblique  light. 

Bands  of  adpressed  white  plumose  setae  on  apical  margins  of  metasomal  terga  1-5  are 
interrupted  medially,  widely  on  tergum  1,  less  so  on  subsequent  terga. 

Terminalia:  Figure  7 d-f. 

Female  {psLvaiyp^  WAM  89/396) 

Head  width  2.5  mm;  body  length  ca.  8.2  mm. 

Relative  dimensions:  HW50;  HL42;  UID  30;  UFW  34;  LID  32;  DMA  34;  HVO  4; 
woe  15;  MOD3.5;OOD8;IAD9;  ASD4;  AOD8;SL  13;SW3.5;  FL  ca.  24;  ML  21  + 
(worn);  BMW  9;  PML  35;  LPL  ca.  26;  LP4L  8;  MPL  ca.  12;  PGL  16. 

Similar  to  female  of  eremites  except  as  noted  in  Diagnosis  and  with  the  following 
additional  differences:  maxillary  palpus  0.75  x as  long  as  post-palpal  portion  of  galea; 
labial  palpus  0.74  x as  long  as  prementum,  distal  segment  0.6  x as  long  as  antennal  scape; 
mandibles  orange-brown  proximally;  legs  dark  brown  generally;  lower  face  sparsely 
hairy,  especially  medially;  metasomal  terga  2-4  with  short  brown  simple  setae  (except 
apically)  not  appearing  silvery  in  oblique  light. 

Bands  of  adpressed  white  plumose  setae  on  apical  margins  of  metasomal  terga  1-4  are 
interrupted  medially,  widely  on  tergum  1,  less  so  on  subsequent  terga. 

Variation 

Head  widths  vary  from  2. 4-3.0  mm  in  males  and  2.45-2.8  mm  in  females. 

Bands  of  white  pubescence  on  metasoma  worn  and  sparse  or  almost  absent  in  older 
specimens. 

Remarks 

See  remarks  under  eremites. 

The  sexes  were  associated  on  the  basis  of  morphological  similarity  (especially  the 
presence  of  metasomal  hair  bands)  and  coincident  collection  records. 

Etymology 

The  specific  epithet  is  Latin  meaning  ‘with  a little  lance’  and  alludes  to  the  lance-like 
apex  of  the  8th  metasomal  sternum. 

Distribution 

Western  Australia  (east  of  Mt  Magnet  and  north  of  Kalgoorlie)  to  Central  Australia 
and  far  northern  South  Australia. 


606 


I'erry  F.  Houston 


Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  (near)  Banjiwarn  HS(27'’42'S,  121‘07'E) 
(45,9.5kmSEof,  WAM82;468,  470,  473,  477;  I^,  10.5  km  SE  of,  WAM  82,  467;  I?,  12.5kmSSE. 

WAM  87/  1446,  89/  396),  22-28  Feb.  1980,  TEH  £»/  ai.  on  flowers  of  Eremophila  margarefhae  (except  $ on 
Espathulata).  WAM;25,  19,3.75  km  NE  of  Comet  Vale  Siding  (29"57'S,  I21W'E),7-I5  Mar.  1979,  TEH 
et  al.,  on  flowers  of  Eremophila  granitica,  WAM  (89,  390-2);  39^  same  as  preceding  but  7 km  NE  of  siding, 
WAM  (89  393-5);  19.  Lake  Cohen  and  vicinity,  24'»26'S,  I25"05'E,  1 Aug.  1983,  TEH  & R.  P.  McMillan,  on 
(\ov/crso(  Eremophila  hattii,  WAM  (89  398);  1 9.  26  km  NE  of  Youanmi,  28"27'S,  II9"03'E.  15  Mar.  1982, 
TEH  & BPH,  on  flowers  of  Eremophila  hiarkei.  WAM  (89  397).  South  Australia:  1<5,  19.  45  km  ENE 

of  Dalhousie  HS.  26‘^24'S,  135^54'E.  24  April  1977,  TEH.  on  flowers  of  Dipieracanthus,  SAM.  Northern 
Territory:  (near)  Alice  Springs  (29.  32  km  S by  E of.  23"59'S,  I33“56'E,  23  Sept.,  on  (lowers  of  Eremophila 
willsii;  l^,  56  km  S by  E of,  24"!  I'S,  I34<’0TE.  24  Sept.;  lo,  39  km  E of,  23‘'4rS.  I34'*15'E,  25  Sept.,  on 
flowers  of  Eremophila  freelingii;  4$,  53  km  E by  \ of,  23'05'S,  134''22'E,  6 Oct.,  on  (lowers  of  Eremophila 
sp.;  19,  30  km  NW  by  N of,  23''32'S,  133*’38'E,  7 Oct.,  in  malaise  trap).  1978.  JCC,  ANIC;  1<5,  Henbury 
Meteorite  Craters,  24<»34'S,  133''08'E.  22  Sept.  1978,  JCC,  ANIC. 

Leioproctus  (Leioproctus)  longipalpus  sp.  nov. 

Figures  3 k;  5 d;  6 g-i 

Holotype 

In  WAM  (88/  1058),  5.  12  km  E of  Marandoo  Camp  (22'38'S.  1 18“06'E),  Western  Australia,  5-19  May 
1980,  TEH  el  al.  321-2,  on  flowers  of  Eremophila  leucophylla. 

Paratypes 

15,  39,  in  WAM.  See  Specimens  Examined. 

Diagnosis 

Most  like  L canutus  (vide)  and  L.  eremhulus.  Female  agrees  with  that  of  eremitidus  in 
having  face  narrowest  in  lower  part,  fore  tibia  lacking  brush-like  vestiture  of  specialized 
setae,  and  distal  segment  of  labial  palpus  at  least  as  long  as  antennal  scape.  Differs  from 
both  canutus  and  eremitulus  in  having  relatively  longer  palpi  and  glossy  (or,  in  female, 
partially  glossy)  propodeal  enclosure. 

Male  (holotype) 

Head  width  1.85  mm;  body  length  6.5  mm. 

Relative  dimensions:  HW50;  HL42;  UID32;  UFW33;  LID  28;  DMA  29;  H VO  2.5; 
woe  18;  MOD  5;  OOD  8;  lAD  8;  ASD4.5;  AOD  6.5;  SL  1 1;  SW4.2;  FL  ca.  45;  ML 
18;  BMW  8;  PML  28;  LPL  40;  LP4L  13;  MPL  23;  PGL  14. 

Head  fairly  rounded  viewed  anteriorly  (Figure  5 d);  vertex  only  weakly  elevated 
behind  ocelli;  compound  eyes  distinctly  converging  ventrally;  gena  only  about  0.6  x as 
wide  as  compound  eye  viewed  laterally;  mandibles  relatively  short,  strongly  curved,  with 
an  obtuse  subapical  tooth;  labrum  3.6  x wider  than  long,  ventral  margin  straight; 
flagellum  0.9  x as  long  as  head  width,  each  segment  slightly  swollen;  maxillary  palpus 
1.64  X as  long  as  post-palpal  portion  of  galea;  labial  palpus  ca.  1.43  x as  long  as 
prementum,  distal  segment  i.l8  x as  long  as  antennal  scape,  fairly  straight-sided. 

Integument  black  generally  grading  to  black-brown  on  metasoma  and  legs  distally; 
proboscis,  flagella  ventrally  and  wing  veins  mid  brown. 

Integument  mostly  shining,  glossy  on  vertex,  scutum  and  propodeal  enclosure;  not 
coriarious  except  on  more  apical  metasomal  terga;  puncturing  close,  small  to  medium 
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on  face,  sparser  and  less  distinct  on  vertex,  sparse  but  distinct  on  scutum,  distinct,  small 
and  close  to  sparse  on  metasomal  terga  1-3  (except  hind  margins),  indistinct  on  more 
apical  terga. 

Pubescence  wholly  white;  head,  thorax,  propodeum  and  legs  generally  with  long, 
erect,  plumose  setae,  nowhere  dense  enough  to  obscure  integument;  metasomal  terga 
with  short,  simple,  more  or  less  erect  setae,  appearing  silvery  in  oblique  light;  5th  sternum 
with  dense  apical  fringe. 

Terminalia:  Figure  6 g-i. 

Fema/e  (paratype  WAM  88/1050) 

Head  width  2.35  mm;  body  length  ca.  8.4  mm. 

Relative  dimensions:  HW50;  HL43;  U1D30;  UFW32;  LID28;  DMA30;  HV02.5; 
woe  16;  MOD  4;  OOD  7;  lAD  8;  ASD4;  SL  14;  SW  3.5;  FL  27;  ML  21;  BMW  8.5; 
PML  33;  LPL  42;  LP4L  16;  MPL  20;  PGL  17. 

Head  fairly  rounded  viewed  anteriorly,  vertex  moderately  elevated  above  ocelli;  inner 
orbits  converging  slightly  ventrally;  clypeus  moderately  convex  transversely;  gena  little 
more  than  half  as  wide  as  compound  eye  viewed  laterally  (Figure  3 k);  labrum  3. 1 x wider 
than  long,  smooth,  evenly  convex;  mandibles  slender  with  obtuse  subapical  tooth; 
maxillary  palpus  1 .2  x as  long  as  post-palpal  portion  of  galea;  labial  palpus  1 .2  x as  long 
as  prementum,  distal  segment  1.14  x as  long  as  antennal  scape,  3rd  segment  about  1.5  x 
as  wide  as  4th,  terminating  in  a spine  (Figure  3 k). 

Integument  black  generally  grading  to  dark-brown  on  metasoma  and  legs;  mandibles 
partly  orange-brown;  palpi,  tegulae  and  wing  veins  proximally  light  brown. 

Integument  faintly  to  moderately  shining  generally;  clypeus  and  supraclypeal  area 
glossy  with  open  puncturing  of  variable  size;  frons  and  vertex  with  close,  small 
puncturing,  sparse  near  ocelli;  scutum  and  scutellum  dulled  by  close  fine  puncturing; 
propodeal  enclosure  rather  glossy  centrally,  coriarious  and  dull  peripherally;  1st 
metasomal  tergum  almost  glossy,  obscurely  coriarious  with  open,  small  to  minute 
puncturing;  subsequent  terga  progressively  duller,  more  strongly  coriarious  with  less 
distinct  punctures. 

Pubescence  fairly  sparse  generally  e.xcept  on  scutum  and  scutellum  which  have  dense 
cover  of  short  buff  tomentum  and  scattered  longer  erect  setae;  dorsum  of  metasoma  with 
short  simple  setae  appearing  silvery  in  oblique  light;  5th  and  6th  terga  with  dark  brown 
plumose  setae;  fore  tibia  without  a brush-like  cover  of  specialized  setae;  hind  tibia  with 
scopal  setae  grading  from  white  ventrally  to  dark  brown  dorsally. 

Etymology 

The  specific  epithet  is  a noun  in  apposition  and  alludes  to  the  labial  palpi  which, 
proportionately,  are  the  longest  in  the  species  group. 

Distribution 

Hamersley  Ranges,  north-western  Australia. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  1(5,  same  data  as  holotype,  WAM 
(88/  1059);  3$,  Coppin  Pool  area,  30  km  S of  Mt  Bruce,  NW  Division,  10-13  May  1980,  TFH  ei  ai,  on 
flowers  of  Ereniophila,  WAM  (88/  1049-51). 
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Leioproctus  (Leioproctus)  lucanus  sp.  nov. 

Figures  1 c,  d;  3 e;  4 e-g;  8 e-h 

Holotype 

In  SAM,  5,  2 km  S of  Hamilton  HS  (26‘*43'S,  1 35‘'04'E),  South  Australia,  26  April  1977.  T. F.  Houston, 
on  flowers  of  Eremophila  wii/sii. 

Paratypes 

1 1(3,  10$  in  ANIC;  13  in  SAM;  23.  1$  in  WAM.  See  Specimens  Examined. 

Diagnosis 

Most  like  L capita  (vide).  Differs  from  capita  in  having  6-segmented  maxillary  palpi, 
mandible  of  male  with  larger  excavation  in  anterior  margin  and  angle  proximal  to 
excavation  more  prominent  (cf.  d and  e Figure  3),  gena  of  male  excavated  and  angular 
near  insertion  of  mandible  (Figure  4 f),  hypostomal  carina  of  female  defining  a broad 
area  near  insertion  of  mandible  (Figure  4 g)  and  metasomal  terga  of  female  frequently 
infused  with  orange-brown. 

Male  (holotype) 

Head  width  4.25  mm;  body  length  ca.  1 1 mm. 

Relative  dimensions:  HW  50;  HL  40;  UID  34;  UFW  -;  LID  DMA  44;  HVO  10; 
woe  12;  MOD  3;  OOD  1 1;  lAD  II;  ASD  3.5;  AOD  10;  SL  12.5;  SW  2.5;  FL  ca.  22; 
ML  32;  BMW  9.5;  PML  28;  LPL  20;  LP4L  6;  MPL  ca.  10;  PGL  13.5. 

Similar  to  male  of  L capita  except  as  noted  in  the  Diagnosis  and  with  the  following 
additional  differences;  clypeus  less  produced  mid-ventrally,  not  uniformly  concave 
lateroventrally  (Fig.  4 e);  lower  gena  with  distinct  angle  running  from  near  posterior 
articulation  of  mandible  towards  posterior  end  of  proboscidial  fossa,  marking  off  a 
large,  rather  triangular  area  mediad  of  mandible;  maxillary  palpus  ca.  0.74  x as  long  as 
post-palpal  portion  of  galea;  labial  palpus  0.71  x as  long  as  prementum,  distal  segment 
0.48  X as  long  as  antennal  scape;  flagellum  ca.  0.44  x as  long  as  head  width;  hind  margins 
of  metasomal  terga  (especially  2-6)  broadly  hyaline;  lower  face  with  close  small 
punctures,  areas  below  antennal  sockets  more  sparsely  punctured  but  not  impunctate; 
propodeal  enclosure  finely  transversely  striate  dorsally;  antennae,  ventral  margin  of 
clypeus  and  labrum  dark  brown  (not  yellow-brown). 

Terminalia:  Figure  8 e-h;  setae  on  apex  of  8th  metasomal  sternum  forming  a shorter, 
denser  ‘brush'  than  in  capita. 

F^/?7(3/£*  (paratype  WAM  82/459) 

Head  width  2.6  mm;  body  length  ca.  8.5  mm. 

Relative  dimensions:  HW  50;  HL44;  LfID  30;  UFW-;  LID-;  DMA  36;  HVO  5;  WOC 
14;  MOD  3.2;  OOD  8;  lAD  10;  ASD  3.5;  AOD  8;  SL  13;  SW  3.2;  FL  ca.  25;  ML  25; 
BMW  9;  PML  35;  LPL  ca.  22;  LP4L  5.5;  MPL  ca.  8;  PGL  17. 

Similar  to  female  of  capita  except  as  noted  in  the  Diagnosis  and  with  the  following 
additional  differences:  inner  orbits  diverging  only  slightly  ventrally;  epistomal  carina 
diverging  from  proboscidial  fossa  anteriorly  and  enclosing  a broad  area  posterior  to 
mandible  (Figure  4 g);  metasomal  terga  with  small,  distinct  puncturing,  setae  of  vertex 
white. 
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Variation 

Head  width  varies  from  3.3-4. 3 mm  in  males  and  2.65-3. 15  mm  in  females;  the  extent 
of  orange-brown  on  the  metasoma  of  females  varies  from  nil  to  almost  total  coverage  of 
terga  1-4. 

Remarks 

See  Remarks  under  L.  capita. 

The  sexes  were  associated  on  the  basis  of  morphological  similarities  and  coincident 
collection  records. 

Etymology 

The  specific  epithet  is  a noun  in  apposition  and  was  chosen  because  the  large 
pincer-like  mandibles  of  males  are  suggestive  of  those  of  some  Lucanus  beetles. 

Distribution 

Western  Australia  (east  of  Leinster),  Central  Australia  and  far  northern  South 
Australia. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  25,  1$,  12.5  km  SSE  of  Banjiwarn  HS 
(27'’42'S,  1 2E*37'E),  22-28  Feb.  1980,  TFH  e/  a(.,  on  flowers  of  Eremophila spaihuiata  { 15.  1$.  82/458-9).  on 
tlowers  of  Scaevota  spinescem  (15.  82/460).  W A M.  South  Australia:  15.  same  data  as  holotype.  SAM. 
Northern  Territory:  (near)  Alice  Springs  (95.  9$,  32  km  S by  E of,  23'*59'S.  133'*56'E,  23  Sept.,  on  flowers  of 
Eremophila  mUsii;  I5.  46  km  SW  by  S of,  24>'03'S,  I33<'37'E,  23  Sept.;  1 5,  1 9,  41  km  S by  E of,  24"03'  S, 
I3T'59'E,  4 Oct.),  1978,  JCC,  ANIC. 


Leioproctus  (Leioproctus)  lucidicinctus  sp.  nov. 

Figures  3 h,  1;  5 a;  7 g-i 

Holotype 

In  W A M (88  / 1045),  5.57  km  ENE  of  Carnarvon.  Western  Australia,  29  Aug.  1980,  C.  A.  Howard  & T.F. 
Houston  339-1,  on  flowers  of  Eremophila  sp.  "crenulata”  ot  R.J.  Chinnock. 

Paratypes 

15  in  ANIC;  55.  29.  in  SAM.  See  Specimens  Examined. 

Diagnosis 

Most  like  L.  eremites  (vide)  and  L.  lanceolatus.  Differs  from  both  in  having  hind 
margins  of  metasomal  terga  broadly  hyaline  (without  bands  of  white  pubescence),  distal 
segment  of  labial  palpus  more  slender,  hardly  compressed,  mandible  of  male  simple, 
lacking  subapical  tooth  (Figure  3 h),  labrum  of  female  transversely  carinate  (Figure  3 1), 
metasomal  terga  of  female  orange-brown. 

Male  (holotype) 

Head  width  3.0  mm;  body  length  ca.  1 1 mm. 

Relative  dimensions:  HW50;  HL44;  UID33;  UFW-;  LID-;  DMA36;  HV09;  WOC 
16;  MOD  3.5;  OOD  9;  lAD  10;  ASD  3.5;  AOD  9;  SL  13;  SW  3;  FL  ca.  27;  ML  28; 
BMW  9.5;  PML  35;  LPL  31;  LP4L  9.5;  MPL  12;  PGL  17. 
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Similar  to  male  of  L eremites  as  noted  in  the  Diagnosis  and  with  the  following 

additional  differences;  vertex  more  developed  (Figure  5 a);  width  of  labrum  4.0  x medial 
length;  maxillary  palpus  0.7  x as  long  as  post-palpal  portion  of  galea;  labial  palpus  0.88  x 
as  long  as  prementum.  distal  segment  0,73  x as  long  as  antennal  scape;  mandibles 
orange-brown  except  for  dark  red  apices;  integument  generally  with  a sheen,  especially 
on  metasomal  terga;  vertex  and  scutum  with  close,  fine  puncturing;  metasomal  terga 
with  sparse,  small  to  minute,  indistinct  puncturing;  hyaline  margins  of  metasomal  terga  3 
and  4 about  as  long  medially  as  metanotum;  setae  of  vertex  and  scutum  very  pale  buff; 
metasomal  terga  2-4  with  short,  simple,  brownish  setae  (absent  on  hind  margins). 

Terminalia:  Figure  7 g-i. 

Female  (paratype  SAM) 

Head  width  2.8  mm;  body  length  ca,  9 mm. 

Relative  dimensions:  HW50;  HL44;  U1D31;  UFW34;  LID  32;  HV0  6;  WOC  16; 
MOD  3.5;  OOD  8;  lAD  9.5;  ASD  3.5;  AOD  8;  SL  13;  SW  3.5;  FL  ca.  23;  ML  21  + 
(worn);  BMW  9;  PML  34;  LPL  ca.  28;  LP4L  7.5;  MPL  13;  PGL  17. 

Similar  to  female  of  L.  eremites  except  as  noted  in  the  Diagnosis  and  with  the 
following  additional  differences:  vertex  more  strongly  elevated;  labrum  0.28  x as  long  as 
wide,  angled  but  not  especially  convex;  maxillary  palpus  0.76  x as  long  as  post-palpal 
portion  of  galea;  labial  palpus  ca.  0.82  x as  long  as  prementum,  terminal  segment  0.58  x 
as  long  as  scape;  mid  tibial  spur  only  slightly  curved  distally. 

Ventral  margin  of  clypeus,  labrum,  mandibles  except  dark  red  apices  orange-brown; 
metasoma  largely  dark  orange;  legs  black-brown  to  yellow-brown. 

Face  below  ocelli  fairly  shiny;  clypeus  with  small,  close  to  open  puncturing;  frons  with 
close,  fine  punctures;  vertex  and  scutum  duller  with  dense,  fine  puncturing;  metasomal 
terga  with  a sheen  and  indistinct,  sparse,  fine  punctures. 

Pubescence  almost  wholly  white  including  scopal  setae;  hair  of  5th  and  6th  metasomal 
terga  buff. 

Variation 

Head  widths  range  from  3.0-3.35  mm  in  males  and  the  second  female  paratype  has  a 
H W of  2.75  mm. 

Remarks 

The  sexes  were  associated  on  the  basis  of  morphological  similarity  (especially  the 
hyaline  tergal  margins)  and  coincident  collection  records. 

Etymology 

The  specific  epithet  is  Latin  for  ‘clear  banded'  and  alludes  to  the  tergal  margins. 

Distribution 

Western  Australia  (near  Carnarvon),  Central  Australia  and  far  northern  South 
Australia. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  South  Australia:  55,  29,  2 km  S of  Hamilton  HS  (26‘'43'S, 
I35**04'E),  26  April  1977,  TFH,  on  flowers  of  Eremophila  willsii,  SAM.  Northern  Territory:  I5.  Plenty 
River,  245  km  ENE  of  Alice  Springs,  23‘'00'S,  I36'*08'E,  14  Oct.  1978,  JCC,  ANIC. 
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Leioproctus  (Leioproctus)  nasutus  sp.  nov. 

Figure  9 a-k 

Holotype 

In  W AM  (89/  345),  <5,  Meleya  Well  ( 28**5 8'S,  1 ! 7*’1 2'E),  Thundelarra  Station,  28  Aug. -2  Sept.  198 1,  T.  F. 
Houston  388c-6,  on  foliage  of  Eremophila  pantonii. 

Paratypes 

15’  1?  in  ANIC;  15,  1$  in  UQIC;  125,  39  in  WAM.  See  Specimens  Examined. 

Diagnosis 

Distinguished  from  other  black,  non-metallic  species  of  Leioproctus  s.  str.  by  the 
strongly  protruding  clypeus  (especially  that  of  male.  Figure  9 c),  smooth,  relatively  long 
and  rather  oblong  labrum  (Figure  9 d)  and  flattened,  expanded  fore  tarsi  of  male  (Figure 
9 h). 

Male  (holotype) 

Head  width  2.65  mm;  body  length  ca.  10  mm. 

Relative  dimensions:  HW50;  HL55;  UFW33;  L1D29;  HV0  2;  WOC  17;  MOD4.2; 
OOD8;  DMA  30;  I AD  10;  ASD4;  ADD  7;  ML  22;  SL  14;SW4;  FL65;  PML34;  PGL 
20;  MPL  25;  LPL  23. 

Head  slightly  longer  than  broad;  compound  eyes  more  or  less  parallel  (Figure  9 a); 
vertex  elevated  a little  above  level  of  compound  eyes  and  ocelli,  rather  level  viewed 
anteriorly;  frons  and  vertex  depressed  slightly  between  compound  eyes  and  ocelli  but 
facial  foveae  not  at  all  defined;  clypeus  strongly  protuberant  (Figure  9 a,  c),  lateral 
portions  bent  back  almost  parallel  to  long  axis  of  body;  interantennal  area  strongly 
convex  transversely;  gena  narrower  than  compound  eye  viewed  laterally,  undeveloped  in 
lower  part;  malar  area  very  short;  labrum  smooth,  almost  rectangular,  half  as  long  as 
broad  (Figure  9 d);  mandible  slender,  fairly  straight,  bidentate,  apical  tooth  much 
exceeding  subapical  tooth;  maxillary  palpus  slender,  exceeding  apex  of  galea  (relative 
lengths  of  segments  1-6  are  3.5, 4.0, 4.5, 4.0, 4.0  and  5.0);  labial  palpus  almost  as  long  as 
maxillary  palpus  (Figure  9 c),  distal  segment  slender,  not  expanded  (relative  lengths  of 
segments  1-4  are  5,  6,  6 and  6);  antennae  relatively  long,  flagellum  1.3  x as  long  as  head 
width,  middle  segments  1.6  x as  long  as  wide,  terminal  segment  2.4  x as  long  as  wide,  first 
segment  slightly  shorter  than  wide;  metanotuin  ordinary  (not  swollen  or  tuberculate); 
propodeum  with  sloping  dorsal  area  as  long  as  metanotum,  rounding  onto  vertical 
posterior  surface  with  no  separating  edge  or  carina;  metasoma  moderately  slender,  terga 
2-5  slightly  depressed  across  posterior  margins;  fore  wing  with  three  submarginal  cells, 
first  as  long  as  second  and  third  together,  second  receiving  first  recurrent  vein  three 
quarters  of  its  posterior  length  from  first  transverse  cubital  vein;  fore  tarsi  highly 
modified,  flattened  and  expanded  (Fig.  9 h);  fore  and  mid  tibiae  with  prominent  outer 
apical  spines,  hind  tibia  with  an  obtuse  outer  apical  projection;  hind  basitarsus  very  long, 
straight  and  slender,  7 x as  long  as  greatest  height,  almost  2 x as  long  as  segments  2-5 
together  (excluding  claws);  legs  otherwise  fairly  ordinary. 

Integument  almost  wholly  black  and  nonmetallic;  flagellum  ventrally  and  fore  tibia 
anteriorly  yellow-brown;  compound  eyes  and  wing  veins  dark  brown. 
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Figure  9 Leioproctus  nasuius:  (a,  b)  heads  of  male  and  female,  respectively  (pubescence  omitted);  (c)  left 
lateral  view  of  head  (pubescence  omitted)  and  proboscis  of  male;  (d)  labrum  of  male  (fringing 
setae  omitted);  (e)  fore  tibial  spur  of  male;  (f,  g)  mid  tibial  and  inner  hind  tibial  spurs  of  female; 
(h)  fore  tarsus  of  male  (inner  view;  pubescence  omitted);  (i-k)  genital  capsule,  7th  and  8th 
metasomal  sterna  of  male  (dorsal  views  on  right  halves,  ventral  on  left).  Scale  lines  (a,  b)  1 mm, 
(e)  0.1  mm,  others  0.5  mm. 
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Clypeus  and  supraclypeal  area  shining  with  close  medium  puncturing;  hind  margins 
of  metasomal  lerga  shining;  integument  otherwise  minutely  roughened,  indistinctly 
punctate  and  dull;  frons  and  vertex  finely  longitudinally  striate  except  laterally. 

Clypeus  with  moderately  long  silvery-white  setae  directed  ventrally;  paraocular  areas 
and  lower  frons  with  dense  long  white  pubescence  directed  laterally  and  dorsally; 
remainder  of  head  (except  eyes),  thorax,  propodeum  (except  enclosure),  metasomal 
terga  I and  2,  fore  femora  and  anterior  margins  of  fore  basitarsi  with  abundant  erect, 
long,  white  pubescence;  remainder  of  legs,  hind  margins  of  metasomal  sterna  and  lateral 
edges  of  terga  with  sparse,  erect,  white  setae  (4th  and  5th  sterna  with  no  apical  fringes); 
tergum  2 posteriorly  and  3-7  generally  with  very  short  to  moderately  long,  simple,  brown 
setae. 

Terminalia:  Fig.  9 i-k. 
fipma/e  (paratype  WAM  89/363) 

Head  width  2.9  mm;  body  length  ca.  10  mm. 

Relative  dimensions:  H W 50;  HL  43;  U1D32;  UFW  35;  L1D32;  DMA32;  HVO  1.5; 
woe  16;  MOD  4;  OOD  8;  lAD  8;  ASD  4;  AOD  9;  ML  23;  SL  16;  SW  3;  FL  ca.  28; 
PML  37;  LPL  21;  MPL  23;  PGL  18, 

Head  a little  wider  than  long;  vertex  only  slightly  elevated  above  level  ot  compound 
eyes  and  ocelli  ( Figure  9 b),  fairly  level;  compound  eyes  more  or  less  parallel;  clypeus  and 
supraclypeal  area  strongly  protuberant  as  in  male;  malar  area  very  short;  gena  about  as 
wide  as  compound  eye  viewed  laterally,  more  developed  in  lower  part  than  in  male; 
labrum  smooth,  convex,  slightly  more  than  half  as  long  as  broad;  mandibles  bidentate, 
apical  tooth  much  exceeding  subapical  tooth;  palpi  as  in  male;  thorax  and  propodeum  as 
in  male  but  dorsal  area  of  latter  defined  posteriorly  by  a few  transverse  striae;  metasoma 
ordinary,  terga  fairly  even;  venation  as  in  male;  legs  ordinary,  tibiae  without  outer  apical 
spines  and  projections;  fore  tibial  calcar  with  a short  stout  apical  spine  bearing  only  two 
teeth;  mid  tibial  spur  strongly  curved  and  lacking  teeth  on  distal  half  { Figure  9 0;  inner 
hind  tibial  spur  coarsely  pectinate  with  5-6  long  teeth  ( Figure  9 g);  hind  basitarsus  3.4  x as 
long  as  high. 

Integument  almost  wholly  black,  nonmetallic;  flagella  ventrally,  compound  eyes, 
proboscis  distally,  wing  veins  and  distitarsi  dark  brown;  anterior  patch  near  base  of  fore 
tibia  yellow-brown. 

Clypeus  and  supraclypeal  area  glossy,  sparsely  punctured;  hind  margins  of  metasomal 
terga  finely  coriarious  and  shiny;  integument  otherwise  finely  roughened  and  dull 
(metasomal  terga  with  a sheen);  propodeal  enclosure  sparsely  rugose  dorsally. 

Pubescence  much  as  in  male;  prepygidial  iimbria  of  dense,  dark  brown,  plumose 
setae;  hind  tibial  scopa  moderately  dense,  consisting  of  long  highly  plumose  setae,  white 
ventrally,  dusky  brown  dorsally. 

Variation 

Head  widths  of  males  vary  from  2.4-2. 7 mm. 

Remarks 

The  sexes  were  associated  on  the  basis  of  morphological  similarity  and  have  been 
collected  together  at  the  same  flowers. 
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Etymology 

The  specific  epithet  is  Latin  meaning  ‘with  a snout'. 

Distribution 

Known  only  from  the  type  locality  in  southern  Western  Australia. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  14(5,  5$,  same  data  as  holotype,  on  flowers 
and  foliage  of  Eremophila  pantunii  ( 10(5,  4$),  E.  longifolia  (1(5,  19)  and  Scaevola  spinescens  (3(5),  ( WA  M 
89/346-64),  ANIC,  UQIC,  WAM. 

Genus  Trichocolletes  Cockerell 

By  far  the  majority  of  species  in  this  moderately  large  genus  are  oligoleges  of  Fabaceae. 
A few  appear  to  specialize  in  flowers  of  other  families  but  the  two  species  described  here 
are  the  only  ones  known  to  utilize  flowers  of  Myoporaceae  {Eremophila  in  particular). 

The  two  species  are  closely  related  and  may  be  distinguished  from  their  congeners  as 
follows:  females  with  mid  tibial  spur  stout,  strongly  curved  and  serrate  or  pectinate  only 
along  the  middle  section  (Figure  lOe,  0;  proboscis  relatively  elongate,  prementum  length 
(PML)  at  least  3.5  x eye  length  (Figure  10  a). 


Trichocolletes  (Trichocolletes)  eremophilae  sp.  nov. 

Figures  10  c,  e,  g;  11  a-c 

Holotype 

In  WAM  (89;  328),  <5,  East  Yuna  [Reserve,  34  km  WN W of  Mullewa,  Western  Australia,  28-29  August 
1984.  T.F.  Houston  601-9  & B.P.  Hanich.  on  Oowers  of  Eremophila. 

Paratypes 

39  in  SAM;  1(5.  89  in  WAM.  See  Specimens  Examined. 

Diagnosis 

Readily  distinguishable  from  T muhipectinatus  male  with  fore  basitarsus 

slender,  unmodified;  female  with  lower  clypeus  sparsely  punctate  and  shining, 
metasomal  segments  3-6  and  preanal  fimbria  wholly  black. 

Male  (holotype) 

Head  width  3.6  mm;  body  length  ca.  13  mm. 

Relative  dimensions:  H W 50;  HL41;  UID33;  UFW36;  L1D35;  DIV1A32;  HV0  2; 
woe  15;  MOD  4;  OOD9;  ML  21;  BMW  5.5;  MSL  1.5;  SL  13;  SW4;  ¥Lca.  64;  PML 
36;  LPL  II;  MPL  13;  PGL  16. 

Head  rather  quadrate  in  anterior  view,  inner  orbits  parallel;  malar  area  about  1 3 as 
long  as  basal  width  of  mandible;  mandible  straight,  slender,  bidentate;  labrum  3/4  as 
long  as  wide,  smooth  and  gently  convex,  fringe  of  bristles  at  least  I 2 as  long  as  labrum; 
glossa  extended  well  beyond  prementum,  deeply  bifid;  maxillary  palpus  slender,  almost 
reaching  apex  of  galea;  labial  palpus  slender,  slightly  shorter  than  maxillary  palpus; 
scape  slender;  flagellum  longer  than  head  width,  first  segment  shortest,  1.4  x as  long  as 
wide,  middle  segments  1.5  x as  long  as  wide,  each  bowed  ventrally,  terminal  segment  2.5 
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X as  long  as  wide  with  rounded-compressed  apex;  legs  fairly  ordinary,  slender;  hind 
tarsus  (excluding  claws)  1 .26  x as  long  as  hind  tibia,  basitarsus  5.5  x as  long  as  maximum 
height,  slightly  curved;  fore  tibial  calcar  with  a short  apical  spine  with  2-3  teeth  and  a 
rounded  velum. 

Head  and  body  mainly  black;  mandibles  and  labrum  whitish  basally  grading  into 
rusty  brown  distally  (apices  of  mandibles  dark  red);  hind  margins  of  metasomal  terga  1-5 
silvery  white.  The  following  are  yellow-brown:  scapes  wholly,  flagella  ventrally,  legs 
(except  coxae  and  blackish  patches  on  dorsal  edges  of  mid  and  hind  tibiae)  and  7th 
metasomal  tergum. 

Integument  of  head  and  body  minutely  reticulated,  dull,  with  a slight  satiny  sheen 
(most  pronounced  on  hind  margins  of  metasomal  terga);  puncturing  weak  or  absent  on 
head  and  thorax,  on  metasoma  weak  and  sparse  anteriorly  becoming  more  distinct 
posteriorly  (absent  on  tergal  margins). 


Figure  10  TrichocoUetess^\).\  (a)  head  and  proboscis  (pubescence  omitted)  of  female  of  T.  multipectinatus, 
left  lateral  view;  (b)  fore  tarsus  of  T,  multipectinatus  male,  inner  view  (pubescence  omitted);  (c,  d) 
fore  tibial,  (e,  0 rnid  tibial  and  (g,  h)  outer  hind  tibial  spurs  of  T.  eremophilae  and  T. 
multipectinatus  females,  respectively;  (i)  inner  hind  tibial  spur  of  T.  multipectinatus  female. 
Figures  c-i  to  same  scale.  Scale  lines  0.5  mm. 
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Head,  thorax,  propodeum  and  base  of  metasoma  with  abundant,  long  pubescence, 
that  of  face  very  dense,  obscuring  integument,  silvery-buff  tinged  with  rufous; 
pubescence  of  clypeus  very  erect,  of  even  length,  appearing  cropped;  pubescence  of 
genae  and  thorax  paler,  that  of  propodeum  and  base  of  metasoma  white,  sparser,  not 
obscuring  integument;  legs  only  sparsely  white-haired;  metasomal  terga  3-7  with  sparse, 
short,  simple,  brownish  setae;  metasomal  sterna  without  conspicuous  hair  fringes. 

(paratype  WAM  89/333) 

Head  width  3.85  mm;  body  length  ca.  12  mm. 

Relative  dimensions:  HW  50;  HL  41;  UID  30;  UFW  35;  LID  34;  DMA  31;  HVO  2; 
woe  14;  MOD  4;  OOD8;  I AD  7.5;  ASD4;  AOD9.5;  ML  22;  BM  W 7;  MSL  1.5;  SL 
15;  SW  3;  PML  33;  PGL  15;  MPL  12;  LPL  ca.  10. 

Inner  orbits  more  or  less  parallel;  face  narrowest  at  level  of  ocelli;  interantennal- 
supraclypeal  area  convex;  clypeus  transversely  convex  in  lower  part,  slightly  depressed 
medially  in  upper  part;  clypeo-antenna!  distance  1/3  as  long  as  maximum  length  of 
clypeus;  malar  space  about  1/5  as  long  as  basal  width  of  mandible;  mandible  gently 
curved,  bidenlate;  labrum  smoothly  convex,  length  about  0.7  x width,  fringing  bristles 
almost  as  long  as  labrum;  gena  less  than  half  as  wide  as  compound  eye  viewed  laterally 
but  sweeping  backwards  medially  to  encompass  enlarged  proboscidial  fossa  (as  in 
multipectinatm.  Figure  10  a);  first  segment  of  flagellum  1.2  x as  long  as  wide,  tapering 
proximally;  glossa  deeply  bifid;  fore  tibial  calcar  with  stout  apical  spine  bearing  three 
long,  slender  teeth  (Figure  10  c);  mid  tibial  spur  short,  stout,  strongly  curved,  bearing 
about  four  serrations  at  mid  length  (Figure  10  e):  inner  hind  tibial  spur  very  thick 
proximally,  with  six  long  teeth  at  mid  length;  outer  hind  tibial  spur  almost  simple,  a few 
short  serrations  along  one  edge  (Figure  10  g);  hind  basitarsus  3 x as  long  as  high. 
Integument  predominantly  black;  narrow  hind  margins  of  metasomal  terga  1 and  2 
silvery  white,  of  3 and  4 translucent  but  not  silvery  white;  mandibles  cream  proximally, 
grading  through  orange-brown  to  dark  red  distally;  labrum  dark  brown,  paler  basally; 
flagellum  yellow-brown  ventrally. 

Face,  vertex  and  upper  genae  with  sparse,  long,  sooty-brown,  simple  to  slightly 
plumose  setae;  ventral  margin  of  clypeus  fringed  with  gold-brown  setae;  genae,  entire 
thorax,  propodeum,  first  two  metasomal  segments  and  legs  proximal  to  tibiae  with 
abundant  white  plumose  setae,  long  on  ventral  and  lateral  areas  and  first  tergum  of 
metasoma,  moderately  short  on  dorsum  of  thorax  and  very  short  on  second  tergum  and 
lateral  margins  of  third,  obscuring  underlying  integument  only  around  pronotal 
tubercles  and  tegulae;  third  and  fourth  terga  with  adpressed,  simple,  short,  dark  brown 
setae;  fifth  and  sixth  terga  with  dense,  dark  brown,  plumose  setae;  setae  of  mid  and  hind 
tibiae  and  tarsi  mostly  white  but  sooty  brown  on  outer  edges  of  tibiae;  metasomal  sterna 
with  mostly  white  simple  setae,  fringed  on  hind  margins  with  longer  plumose  setae. 

Lower  face  weakly  shining  with  uneven,  dense  to  open  puncturing;  clypeus  glossy 
between  punctures;  Irons  and  vertex  dull,  finely  punctured;  facial  foveae  undefined  but 
evident  as  broad  matt  areas  between  compound  eyes  and  ocelli;  thorax  coriarious,  with 
small  punctures,  close  to  dense  on  anterior  and  lateral  areas  of  scutum,  open  on 
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mesopleura,  very  sparse  on  posteromedial  area  of  scutum;  metasomal  terga  dull,  finely 
punctured,  puncturing  open  on  terga  I and  2,  gradually  becoming  denser  on  3 and  4. 

Variation 

Number  of  teeth  or  serrations  on  tibial  spurs  of  females  varies  from  3-5  (fore),  4-8 
(mid)  and  5-8  (inner  hind).  Head  widths  of  females  vary  from  3. 6-3. 9 mm. 

Remarks 

The  sexes  were  associated  on  the  basis  of  coincident  collection  records. 

Etymology 

The  specific  epithet  is  derived  from  the  generic  name  of  the  forage  plants. 

Distribution 

Southern  Western  Australia  between  Geraldton,  Meekatharra  and  Kalgoorlie. 
Specimens  Examined 

The  holotype  and  the  following  paralypes.  Western  Australia:  1(5,  same  data  as  holotype,  WAM 
(89,  329);  19,8  miles  NNE  of  Meekatharra,  30  Aug.  197 1,  TFH,  on  white  Eremophila,  { 19,  same  data  but  6 
miles  E,  3 1 Aug.,  19,13  miles  E,  3 1 Aug.,  on  blue  Eremophila),  SAM;  19,  18  km  WSW  of  Mulline,  29‘’5 1'S, 
1 20‘’20'E,  23  Sept.  1982,  BPH  & TFH,on  flowers  of  Eremophila granilica,  WAM  (89/334);  69.  7 km  W of 
Nalbarra  HS(28“39'S,  1I7‘’36'E),  29-30  Aug.  1981,  TFH,  on  flowers  of  Eremophila  aif'm.  georgei,  WAM 
(87/ 1463-4,  89/330-3). 


Trichocolletes  (Trichocolleies)  multipectinatus  sp.  nov. 

Figures  10  a,  b,  d,  f,  h,  i;  1 1 d-f 

Holotype 

In  WAM  (87  1459).  5,  Meleya  Well  (28"58'S,  1 17‘’12'E),  Thundelarra  Station,  Western  Australia,  28 
Aug.-2  Sept.  1981,  T.F.  Houston  388c-9,  on  flowers  of  Eremophila  panionii. 

Paratypes 

75,  59  in  WAM;  25,  59  in  SAM.  See  Specimens  Examined. 

Diagnosis 

Readily  distinguishable  from  T.  eremophilae  as  follows:  male  with  fore  basitarsus 
expanded  ventrally,  notch  of  strigilis  much  enlarged  (Figure  10  b);  female  with  whole 
clypeus  finely,  densely  punctate  and  dull,  and  preanal  fimbria  orange  or  mostly  so. 

Male  (holotype) 

Head  width  3.45  mm;  body  length  ca.  12  mm. 

Relative  dimensions:  HW50;  HL44;  UID32;  UFW37;  L1D36;  DMA34;  HV02.5; 
woe 9;  MOD4;OOD9;  ML  22;  BMW  5.5;  SL  I3;SW4;  ¥Lca.  62;  PML38;  LPLca. 
10;  MPL  10;  PGL  17. 

Form  much  as  in  male  of  eremophilae  except  as  noted  in  Diagnosis  and  with  the 
following  additional  differences:  inner  orbits  very  slightly  diverging  downwards,  face 
narrowest  at  level  of  ocelli;  maxillary  palpus  somewhat  reduced,  no  longer  than  labial 
palpus  and  only  about  0.6  x as  long  as  post-palpal  portion  of  galea;  fore  tibial  calcar  with 
minute,  erect  apical  spine  without  any  teeth  (Figure  10  b). 
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Figure  1 1 Trichocolleles  spp.  male  terminalia  (left  to  right  - genital  capsule,  7ih  and  8th  metasomal  sterna; 

dorsal  views  on  right  halves,  ventral  on  left);  (a-c)  T.  eremophilae,  (d-f)  T.  nndtipeciinaius.  Scale 
lines  0.5  mm. 

Coloration  as  in  male  of  eremophilae  except  as  follows:  areas  of  yellow-brown  less 
extensive,  scapes  partly  black  suffused,  legs  predominantly  black,  with  yellow-brown 
areas  confined  to  anterior  surfaces  of  femora  and  tibiae,  7th  metasomal  tergum  with  only 
a median  yellow-brown  spot. 

Integumental  sculpture  much  as  in  male  of  eremophilae  but  vertex  faintly  shiny. 

Pubescence  as  in  male  of  eremophilae  except  as  follows:  pubescence  of  head  and 
thorax  pale  buff  without  a rufous  tint;  sparse,  long,  erect  setae  occur  on  all  metasomal 
terga  except  7th,  setae  white  grading  to  brown  on  more  apical  terga. 

Terminalia:  see  Figure  1 1 d-f. 
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(paratype  WAM  87/1461) 

Head  width  3.75  mm;  body  length  ca.  12  mm. 

Relative  dimensions:  HW  50;  HL  44;  UID  30;  UFW  -;  LID  -;  DMA  32;  MOD  3.5; 
woe  14;  OOD8;  HVO  2.5;  I AD  8;  ASD  3.5;  AOD  10;  ML  24;  BMW  6.5;  SL  16;SW3; 
FL  ca.  34;  PML  35;  LPL  8;  MPL  8.75;  PGL  15. 

Similar  to  female  of  T.  eremophilae  except  as  follows. 

Inner  orbits  slightly  diverging  downwards;  upper  clypeus  fairly  flat;  malar  space  about 
V4  as  long  as  basal  width  of  mandible;  gena  in  upper  part  about  as  wide  as  compound 
eye  viewed  laterally;  first  segment  of  flagellum  ca.  1.5  x as  long  as  wide;  glossa  appearing 
bilobed  because  of  extended  glossal  lobes  but  ventral  margin  of  annulate  surface  only 
gently  concave;  maxillary  palpus  reduced,  ca.  0.6  x as  long  as  post-palpal  portion  of 
galea;  labial  palpus  reduced,  not  reaching  annulate  area  of  glossa;  fore  tibial  calcar  with 
apical  spine  little  larger  than  two  auxiliary  teeth  (Figure  10  d);  mid  tibial  spur  with  short, 
comb-like  set  of  stout  teeth  (Figure  10  f);  inner  hind  tibial  spur  with  four  or  five  long 
prongs,  outer  spur  with  similar  but  shorter  set  of  prongs  (Figure  10  h). 

Lower  face  dull;  clypeus  evenly,  densely,  finely  punctate,  coriarious  between 
punctures;  scutum  centrally  virtually  impunctate,  coriarious. 

Sooty  brown  setae  of  face  erect,  up  to  0.6  x as  long  as  scape;  ventral  margin  of  clypeus 
without  golden  setae;  scutum  with  diffuse  patch  of  sooty-tipped  setae  centrally;  5th 
metasomal  tergum  with  dense,  orange,  plumose  setae  except  laterally  and  basally  where 
setae  are  black-brown. 

Variation 

Head  width  varies  from  3. 15-3.65  mm  in  males  and  3.25-3.75  mm  in  females.  Number 
of  teeth  on  tibial  spurs  of  females  varies  a little,  inner  hind  tibial  spur  having  3-5.  Mid 
tibial  spur  of  some  females  quite  swollen  opposite  teeth.  Females  from  South  Australia 
differ  from  typical  form  in  having  hind  margins  of  metasomal  terga  3 and  4 silvery  white 
(like  1 and  2)  with  mostly  pale  adpressed  setae  and  preanal  fimbria  wholly  orange. 
Remarks 

The  sexes  were  associated  on  the  basis  of  coincident  collection  records. 

Etymology 

The  specific  epithet  is  Latin  meaning  ‘many  combs'  and  alludes  to  the  pectinate  tibial 
spurs  of  females. 

Distribution 

Southern  Western  Australia  (Mt  Magnet  - Kalgoorlie  region)  and  northern  Eyre 
Peninsula,  South  Australia. 

Specimens  Examined 

The  holotype  and  the  following  paratypes.  Western  Australia:  5(5-  19.  same  data  as  holoiype,  WAM 
(87  I460-I;89  ;336-9);25.  1 9.  4.5  km  NNE  of  Ml  Jackson(30‘'59'S,  1 19"07'E).  5-1 1 Sept.  1979,  TFH 
on  flowers  of  Eremophila  ?scoparia,  WAM  (87,  1462,  89  340-1);  39.  km  WSW  of  Mulline,  29'*5rS, 
120"20'E,  23  Sept,  1982.  BPH  & TFH.  on  Oowers  of  Eremophila  pantonii.  WAM  (89,342-4).  South 
Australia:  19.  Lake  Gilles  National  Park,  27  Oct.  1974.  C.A.  & TFH.  on  Powers  of  Eremophila  scoparia, 
SAM;  2(5.  59,  North  Middleback  Range,  33"03'S.  I37'>09'E,  7-8  Oct.  1973,  C.A.  & TFH,  on  Eremophila 
scoparia,  SAM. 


620 


Terry  F.  Houston 


Acknowledgements 

1 am  grateful  to  J.C.  Cardale  (ANIC)  and  E.G.  Matthews  (SAM)  for  the  loan  of 
specimens  in  their  care  and  to  C.  Bryce  (W  AM)  for  production  of  the  scanning  electron 
micrographs. 


References 

Alcock,  J.  and  Houston,  T.F.  ( 1987).  Resource  defense  and  alternative  mating  tactics  in  the  Banksia  Bee, 
Hylaeus  alcyoneus  {Enc\\sor\).  Ethology  16:  177-88. 

Cockerell.  T.D.A.  (1934).  The  bees  of  Australia.  Aust.  Zool.  8(1):  1-38. 

Elliot,  W.R.  and  Jones,  D.L.  (1984).  Encyclopaedia  of  Australian  plants  suitable  for  cultivation.  Vol.  3. 

(Lothian  Publishing  Company  Pty  Ltd:  Melbourne). 

Houston,  T.F.  (1983).  An  extraordinary  new  bee  and  adaptation  of  palpi  tor  nectar  leeding  in  some 
Australian  Colletidae  and  Pergidae  ( Hymcnoptera).  J,  Aust.  ent.  Soc.  22(3):  263-70. 

Michener,  C.D.  ( 1965).  A classification  of  the  bees  of  the  Australian  and  South  Pacific  regions.  Bull  Am. 
Mus.  not.  Hist.  130;  1-362. 


Received  15  August  1989 


Accepted  23  November  1989 


Published  14  May  1990 


621 


Rec.  West.  Ausi.  Mas.  1990.  14(4):  623-626 


The  Ctenotus  colletti  complex  (Lacertilia:  Scincidae), 
including  a new  species  from  the  Pilbara. 

G.M.  Storr* 


Abstract 

Former  subspecies  of  Ctenotus  colletti,  viz.  C c.  nasutus  and  C.  c.  rufescens  are  now 
considered  to  be  allopatric  species.  Another  species  C.  nigrilineatus  is  described. 


Introduction 

When  I described  Ctenotus  (Storr  1969)  the  only  Western  Australian  material 

was  three  specimens  from  the  Great  Victoria  Desert  1 100  km  south  of  La  Grange, 
whence  came  our  two  specimens  of  C colletti  (Storr  1975).  It  therefore  seemed  prudent 
to  treat  nasutus  as  a subspecies  of  colletti.  Subsequently  nasutus  has  been  collected  much 
further  north  in  the  Great  Sandy  Desert;  in  spite  of  the  proximity  of  these  specimens  to 
the  range  of  colletti  (see  map.  Figure  1)  they  showed  no  approach  towards  colletti. 

Meanwhile  C rufescens  was  described  from  the  vicinity  oi  Exmouth  Gulf  (Storr 
1979);  although  substantially  different  in  scalation  and  coloration,  it  too  was  treated  as  a 
subspecies  of  colletti.  Recently  a fourth  member  of  the  complex  was  discovered  in  the 
Pilbara;  it  is  geographically  intermediate  between  rufescens  and  colletti  but  is  in  no  way 
morphologically  intermediate.  It  is  thus  becoming  clear  that  C.  colletti  and  its  closest 
relatives  are  best  regarded  as  full  species. 


Ctenotus  nigrilineatus  sp.  nov. 

Figure  2 

Holotype 

104065  in  Western  Australian  Museum,  collected  by  R.A.  How  and  J.  Dell  on  23  March  1990  near 
Woodstock,  Western  Australia,  in  2I'’36'S,  1 19‘'0i'E. 

Paratype 

90656  collected  at  same  place. 

Diagnosis 

A member  of  the  C colletti  species-group  with  8 white  longitudinal  stripes  and  upper 
ear  lobule  greatly  enlarged.  Most  like  C nasutus  but  5 black  stripes  on  back  equally 
narrow  (v.  vertebral  widest  of  5 blackish  brown  stripes),  prefrontals  widely  separated  (v. 
normally  in  contact,  rarely  separated  and  then  very  narrowly)  and  loreals  equal  in  size  (v. 
second  much  wider  than  first).  C colletti  and  C rufescens  have  7 dark  stripes  on  back; 
the  latter  is  unique  in  the  dark  upper  lateral  stripe  splitting  into  two  stripes  between  eye 
and  ear. 


*C/  o Western  Australian  Museum,  Francis  Street,  Perth,  Western  Australia,  6000. 
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Figure  1 Map  of  Western  Australia  showing  location  of  specimens  of  Cienotus  colletti. 
nigrilineatus  and  C rufescens. 


624 


(i.M.  Storr 


Description 

Snout-vent  length  (mm);  27.5-48.5.  Length  of  appendages  {%SVL):  foreleg  25-32, 
hindleg  43-49,  tail  219  (N  I). 

Nasals  narrowly  separated.  Prefrontals  widely  separated.  Supraoculars  4,  first  three  in 
contact  with  frontal,  first  widest.  Supraciliaries  7.  Ciliaries  8-10.  Presuboculars  2,  second 
much  the  smaller.  Upper  labials  7.  Ear  lobules  I or  2,  upper  very  much  the  larger. 
Nuchals  3 or  4.  Midbody  scale  rows  26.  Lamellae  under  longer  toe  24-27,  mostly  with  a 
fine  weak  mucronate  keel. 

Upper  surface  white(scales  finely  brown-edged)  with  5 narrow  black  stripes  on  back: 
vertebral  extending  to  frontonasal  after  breaking  up  into  spots  on  occiput  and  extending 
to  tail;  inner  dorsal  extending  to  second  loreal  or  first  supraocular  after  short  break  on 
occiput;  outer  dorsal  extending  to  first  or  second  supraocular  and  merging  with  inner 
dorsal  on  tail.  Wide  black  upper  lateral  stripe  from  nasal  to  tail.  Narrow  black  or  dark 
grey  ventrolateral  stripe  extending  forward  nearly  to  ear  and  back  to  hindleg.  Upper 
surface  of  limbs  white  (scales  finely  brown-edged)  with  3 longitudinal  blackish  stripes. 
Wide  midlaleral  stripe  and  lower  surface  white. 


Figure  2 Holotype  of  Ctenoius  nigrilineatus,  photographed  by  .1.  Dell. 


Distribution 

Only  known  from  one  locality  in  hilly  interior  of  Pilbara. 

Derivation  of  name 

From  Latin  niger  (black)  and  Unea  (line),  in  allusion  to  dorsal  pattern. 
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Other  material  examined  (all  from  Western  Australia  and  in  Western  Australian  Museum) 

Ctenotus  colleiti:  26  km  S Beagle  Bay  Mission  (58489);  La  Grange  (27883,  27886). 

Ctenotus  rufescem:  Vlaming  Head  (60950);  3 km  E Giralia  (60994,  61 152). 

Ctenotus  nasutus:  38  km  SSW  McTavish  Claypan  (64283-4.  64291);  15  km  WSW  Thompson  Hills 
(94981-2);  Well  39.  Canning  Stock  Route  (64220);  12  km  NNE  Well  29,  Canning  Stock  Route  (63957);  29 
km  S Nooloo  Soak  (63750.  63763):  8 km  NE  Dunges  Table  Hill  (30250,  85704,  85779);  8 km  WNW  Point 
Salvation  (85674-5,  85679,  89245,  99546-8). 
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ClassiHcation  and  petrology  of  six  equilibrated  ordinary 
chondritic  meteorite  finds  from  Western  Australia 

A.W.R.  Sevan*,  R.A.  Binnst  and  J.R.  de  Laeterf 


Abstract 

Six  stony  meteorite  finds  from  Western  Australia  are  described  and  classified.  The  meteorites: 
Baandee  (H5),  Jeedamya  (H4),  Wooramel  (L5),  Mount  Margaret  (L5),  Nimberrin  (L6)  and 
Millrose  (L6),  are  all  equilibrated  ordinary  chondrites.  Bulk  chemical  analyses  and  total  iron 
contents  ( Fel)  of  Baandee  (29. 18  wt.%),  Jeedamya  (28.28  wt.%).  Mount  Margaret  (22.4  wt.%) 
and  Wooramel  (22.28  wt.%)  are  presented. 

The  chondrites  display  degrees  of  alteration  attributable  to  pre-terrestrial  shock-loading 
appropriate  to  facies  b ( Baandee,  Jeedamya,  Mount  Margaret),  facies  d (Nimberrin,  Millrose) 
and  facies  d-e  (Wooramel)  of  the  Dodd  and  Jarosewich  (1979)  classification.  Estimates  are 
made  of  the  P T levels  of  shock  alteration,  and  the  post-shock  thermal  histories  of  the 
meteorites  are  discussed. 


Introduction 

As  the  result  of  a generally  arid  climate,  Western  Australia  has  proved  to  be  one  of  the 
most  prolific  areas  of  the  world  for  meteorite  finds  (Bevan  and  Binns  1986).  The  special 
conditions  occurring  in  the  Nullarbor  Region  oi  Western  Australia,  that  has  yielded 
more  than  half  of  the  total  number  of  meteorites  known  from  the  State,  have  been 
described  by  Bevan  and  Binns  ( 1989  a,  and  b).  However,  meteorites  continue  to  be  found 
throughout  Western  Australia. 

In  this  paper,  details  are  presented  of  the  discovery,  classification,  petrology  and 
chemistry  of  six  previously  undescribed  and  distinct  ordinary  chondrites,  viz.  Baandee, 
Jeedamya,  Wooramel,  Mount  Margaret,  Millrose  and  Nimberrin.  In  accordance  with 
guidelines  on  meteorite  nomenclature,  the  meteorites  take  the  names  of  the  geographical 
localities  closest  to  the  sites  of  their  discovery  (Figure  la). 


Circumstances  of  find,  and  morphology 

Baandee:  The  discovery  in  1967  of  this  freshly  crusted  stony  meteorite  was  reported  by 
McCall  (1972)  and  is  listed  by  Graham  et  ai  ( 1985).  The  meteorite  ( WA  M 13225)  was 
found  by  Mr  R.  Spillman  at  a locality  (3  P 37'S.,  1 18*'02'E)  on  Land  Unit  13929,  adjacent 
to  ‘Hunters  Dam\  approximately  6.8  km  ESE  of  Baandee  Railway  Station. 
Subsequently,  the  discovery  was  linked  to  a fireball  accompanied  by  sonic  phenomena 
reported  nearby  in  1961  or  1962  (McCall  1972;  Graham  et  al.  1985)  but  the  evidence  is 
not  conclusive. 


^Department  of  Mineralogy,  Western  Australian  Museum,  Francis  Street,  Western  Australia  6000. 

^Division  of  Exploration  Geoscience,  CSIRO,  North  Ryde,  NSW  21  13. 

tSchool  of  Physics  and  Geosciences,  Curtin  University  of  Technology,  South  Bentley,  Western  Australia  6102. 
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lb.  Enlargement  of  the  area  surrounding  Wooramel  Station  (q.v.)  showing  the  distribution  of  the 
four  known  masses  of  the  Wooramel  meteorite  shower. 


The  meteorite  (Figure  2a)  has  a flatly  domed,  elongated  shape  and  clearly  remained 
orientated  during  atmospheric  passage.  The  posterior  surface  is  flat  and  coated  with 
thick  (>0.5  mm),  stippled  fusion  crust.  The  anterior  surface  is  generally  convex,  curves 
sharply  towards  the  posterior  surface  and  is  decorated  with  radial  flow  lines.  One  end  of 
the  stone  is  truncated  by  a scalloped  surface  from  which  a fragment  may  have  become 
detached  during  atmospheric  flight. 

On  cut  surfaces,  the  meteorite  displays  conspicuous  chondrules  up  to  2 mm  in 
diameter  and  abundant,  fresh  particles  of  metal  set  in  a faintly  iron-stained,  friable 
crystalline  silicate  matrix. 

Wooramel:  In  April  1969,  Mr  R.A.  Hall,  the  owner  of  Wooramel  Station  (q.v.)  (25^ 
44'S.,  1 14^^  17'E.),  found  a large  stony  meteorite  close  to  the  Station's  sheep  pens  (25^ 
39'S.,  1 14*^  I3'E.).  The  pens  are  approximately  10  km  NW  of  Wooramel  Homestead,  on 
the  eastern  side  of  the  North  West  Coastal  Highway  (Figure  lb).  The  meteorite  (WAM 
1 35 1 8),  weighing  45  kg,  was  buried  to  a depth  of  3 cm  in  red,  loamy  soil. 
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scale  bars  = 5 cm 


H 


d 


Figure  2.  The  Baandee  (a),  Jeedamya  (b).  Mount  Margaret  (c),  Nimberrin  (d),  and  Millrose  (c) 
meteorites,  and  (f)  the  main  mass  (no.  1)  of  the  Wooramel  meteorite  shower. 
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Subsequently,  in  July  and  August  1971  and  in  June  1976,  in  the  general  area  of  the 
first  discovery  Mr  Hall  found  three  more  individuals  (WAM  13391;  13519;  13455)  of  the 
same  meteorite  weighing  9.4,  6.35  and  10.25  kg,  respectively.  The  find-sites  of  the  four 
meteorites  (Figure  I b),  designated  Wooramel  I-IV  in  order  of  discovery,  are  roughly 
aligned  over  a distance  of  approximately  9 km.  The  size  distribution  of  the  masses 
suggests  an  atmospheric  trajectory  for  the  meteorite  fall  in  an  ESE  direction  before 
fragmentation  in  the  lower  atmosphere. 

All  the  individuals  of  the  shower  have  irregular,  polygonal  shapes.  The  two  larger 
individuals  (Wooramel  I and  IV)  are  well  preserved  although  the  smallest  (Wooramel 
ill)  is  deeply  weathered.  With  the  exception  of  Wooramel  I (Figure  2f),  which  is 
completely  crusted,  all  the  remaining  individuals  display  fractured  surfaces,  and 
Wooramel  IV  is  approximately  half  of  an  individual. 

On  cut  surfaces,  the  meteorites  display  abundant  flecks,  and  occasional  veins,  of  fresh 
metal,  and  indistinct  chondrules.  The  silicate  minerals  are  extensively  stained  brown  and 
most  individuals  of  the  shower  display  a zone  of  severe  terrestrial  weathering  extending 
to  a depth  of  1-3  cm  below  the  level  of  the  crust.  The  deep  interiors  of  the  larger  stones 
remain  well  preserved. 

Jeedarnya:  In  November  1972,  Mr  R.  Blizzard  found  a flight-orientated  meteorite 
weighing  914  grams  in  a shallow  ( 1 cm)  depression  in  sandy  soil  on  Jeedarnya  Station. 
The  locality  (29‘*  35'S.,  I2F  lO'E.)  is  0.6  km  south  of  the  intersection  of  the  boundary 
fence  of  Jeedarnya  Station  and  the  Menzies-Leonora  road. 

The  meteorite  (WAM  13191  Figure  2b)  is  pyramidal  in  shape  with  a smoothly  convex 
anterior  surface  and  three,  less  regular,  posterior  surfaces  which  form  the  apex  of  the 
pyramid.  Except  for  some  broken  edges,  the  stone  is  covered  with  a well  preserved,  dull 
black  fusion  crust.  The  anterior  surface  is  marked  with  flow  lines  which  radiate  from  the 
centre  and  is  covered  with  thinner  (0.2  mm)  fusion  crust  than  the  three  posterior  surfaces 
(1  mm).  The  interior  of  the  meteorite  is  light  grey  in  colour,  but  mottled  locally  with 
minor,  brown  iron  oxide  staining.  Abundant  particles  of  metal,  and  chondrules  up  to  3 
mm  in  diameter  are  visible  on  cut  surfaces. 

Mount  Margaret:  In  December  1972,  a fresh  stony  meteorite  was  found  on  the  north 
shore  of  Lake  Carey  (28*^  50'S.,  122*^  ll'E.)  c.  32  km  SW  of  Laverton.  The  finder,  Mr 
Cyril  Barnes  of  Mount  Margaret  Mission,  sent  the  meteorite  to  the  Western  Australian 
Museum  via  Mr  R.C.  Botrell  in  1973.  The  original  weight  of  the  stone  was  not  recorded, 
but  was  approximately  890  grams. 

Mount  Margaret  (WAM  13358  Figure  2c)  is  an  ellipsoidal,  flight-orientated 
individual.  The  anterior  surface  is  smoothly  convex  and  marked  with  radial  flow-lines. 
The  edge  of  the  stone  between  the  anterior  and  posterior  surfaces  is  covered  with  a thick 
(2  mm)  accumulation  of  fusion  crust  forming  a 'flange’.  The  posterior  surface,  which  is 
also  slightly  convex,  is  covered  with  thick  scoriaceous  crust.  In  a few  places  along  the 
flange  of  the  stone  the  crust  has  flaked  away  exposing  the  interior. 

Prominent  chondrules  up  to  a maximum  of  4 mm  in  diameter,  and  homogeneously 
distributed  grains  of  metal  are  visible  on  cut  surfaces.  Locally,  minor  terrestrial 
oxidation  has  stained  the  silicate  minerals  a light  brown  colour. 
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Nimberrin:  While  ploughing  in  August  1970,  Mr  R.  Spillman  found  a single,  crusted 
stony  meteorite  weighing  786.4  grams  at  a locality  (31*^  3rS.,  1 17**  58'E.)  about  0.8  km 
NNW  of  Nimberrin  Homestead,  The  meteorite  (WAM  13356  Figure  2d)  is  polygonal 
and  covered  predominantly  with  smooth,  well  preserved  primary  fusion  crust.  One 
irregular,  crusted  surface  is  pitted  and  probably  represents  a fracture  surface  from  which 
a fragment  was  detached  during  atmospheric  flight. 

Generally,  the  interior  of  the  meteorite  is  heavily  stained  brown  with  the  products  of 
extensive  terrestrial  oxidation  of  metal.  However,  in  the  deep  interior,  at  a depth  of  2-3 
cm  below  the  crust,  a small  portion  of  the  meteorite  remains  comparatively  fresh  and 
displays  indistinct  chondrules  of  up  to  3 mm  in  diameter. 

Millrose:  In  February  1984,  a large  stony  meteorite  weighing  7.464  kg  was  found  on 
Millrose  Pastoral  Station  by  the  owner,  Mr  Rex  Ward.  The  meteorite,  which  was 
partially  buried  to  a depth  of  9 cm  in  the  soil,  was  found  at  a locality  (26*’  20'S.,  1 2 F E.) 
about  9.5  km  on  a bearing  33**  from  Millrose  Homestead  (q.v.)  on  the  fence  line  between 
‘Old  Camp’  and  ‘Tommy’  bores.  Millrose  (WAM  13632  Figure  2e)  is  an  elongate, 
polygonal  stone  and  the  interior  of  the  meteorite  has  been  extensively  altered  by 
terrestrial  oxidation. 


Analytical  procedures 

Polished  thin  sections  were  prepared  and  examined  microscopically  in  transmitted  and 
reflected  light.  Silicates  were  analysed  using  a MAC  energy  dispersive  electron 
microprobe  operated  at  15  kV  and  20.00  nA.  Analyses  were  corrected  using  the 
programme  developed  by  Ware  (1981).  A minimum  of  ten  grains  each  of  olivine  and 
pyroxene  were  analysed  in  each  meteorite.  In  addition,  grains  of  plagioclase  feldspar  and 
diopsidic  clinopyroxene  were  analysed  where  these  were  sufficiently  large  to  allow 
mircroprobe  analysis.  Petrologic  types  were  assigned  to  each  meteorite  according  to  the 
classification  of  Van  Schmus  and  Wood  (1967)  and  a ‘facies’  of  alteration  as  the  result  of 
pre-terrestrial  shock-loading  according  to  Dodd  and  Jarosewich  ( 1979). 

Bulk  chemical  analyses  were  performed  on  aliquots  of  Baandee,  Jeedamya,  Mount 
Margaret  and  Wooramel.  The  method  of  analysis,  described  by  Moss  et  al.  (1967),  uses 
magnetic  mineral  separation  followed  by  selective  attack  of  dry  chlorine  on  kamacite 
and  sulphide,  leaving  silicates  and  taenite  essentially  unaffected.  The  technique  allows 
major  and  some  trace  elements  to  be  determined  in  a number  of  separate  fractions  of 
chondritic  meteorites. 

Owing  to  the  deeply  weathered  condition  of  Wooramel  and  the  presence  of  abundant 
iron  oxide  (‘maghemite’)  from  the  terrestrial  alteration  of  metal,  slight  modifications  of 
the  chlorination  method  were  used  in  the  analysis  of  this  meteorite.  The  entrainment  of 
terrestrial  oxidation  products  with  silicates  and  their  sluggish  response  to  attack  by 
chlorine  resulted  in  incomplete  physical  and  chemical  separation  of  the  magnetic  and 
non-magnetic  components  of  the  meteorite.  A partial  separation  of  terrestrial  oxides, 
silicate  and  metal  was  achieved  by  repeated  grinding  and  sieving  and  the  fresh  metal 
chlorinated  separately.  Some  oxide  remained  with  silicates  and  contributed  to  the 
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volatile  chlorides  in  this  fraction.  Separated  ‘maghemite’  was  analysed  and  the  results 
(FeO,  Fe203  and  NiO)  included  with  silicates  as  a total  oxide  fraction. 


Classification  and  petrology 

The  essential  mineralogical,  petrographic  and  structural  features  of  the  six  meteorites  are 
detailed  in  Table  I and  microprobe  analyses  of  their  major  constituent  minerals  are  given 
in  Table  2.  Bulk  chemical  analyses  and  normative  compositions  of  Baandee,  Jeedamya, 
Mount  Margaret  and  Wooramel  are  reported  in  Table  3. 

Baandee  is  a moderately  recryslallized  chondrite.  The  bulk  chemical  composition  (Table 
3),  total  Fe  content  (29.18  wt  %)  and  compositions  of  the  principal  ferro-magnesian 
silicates  (olivine  Faig^;  orthopyroxene  Fsi^.y  WO|  i)  show  that  Baandee  belongs  to  the 
H-group  of  ordinary  chondrites.  Although  the  meteorite  displays  prominent 
chondrules,  microscopically,  the  chondrules  and  matrix  are  partially  integrated  by 
recrystallization.  Plagioclase  feldspar  (An,  1.5  Ah^2.9  occurs  as  small,  turbid 

crystallites  in  the  mesostases  of  chondrules  and  throughout  the  matrix  (Table  I). 
Uniform  mineral  compositions,  the  presence  of  generally  microcrystalline  plagioclase, 
and  the  predominance  of  orthorhombic  pyroxene  indicates  that  Baandee  belongs  to 
petrologic  type  5 of  the  Van  Schmus  and  Wood  (1967)  classification. 

Throughout  the  meteorite,  minerals  display  evidence  of  slight  alteration  as  the  result 
of  pre-terrestrial  shock-loading.  Silicates  are  generally  fractured  and,  between  crossed 
polars,  display  weak  undulose  extinction.  Maskelynite  was  not  observed,  and  the  level  of 
shock  alteration  is  consistent  with  ‘facies  b’  of  the  Dodd  and  Jarosewich  (1979) 
classification. 

Jeedamya  comprises  abundant,  closely  packed  and  easily  recognizable  chondrules  set  in 
a fine  grained  granular  matrix.  The  total  iron  content  (28.28  wt  %)  of  the  meteorite 
(Table  3)  shows  that  Jeedamya  belongs  to  the  H-group  of  ordinary  chondrites. 

Microscopically,  olivine  is  more  abundant  than  low-Ca  pyroxene,  the  latter 
frequently  displaying  relic  twin  lamellae.  Accessory  diopside  occurs  as  lamellae  within, 
or  rims  to,  large  grains  of  orthopyroxene  and  as  acicular  crystals  in  the  mesostases  of 
some  chondrules.  The  mesostases  of  chondrules  are  composed  variably  of 
microcrystalline  material  and  turbid,  grey  to  brown,  devitrified  glass. 

Microprobe  analyses  (Table  2)  show  that  the  mean  composition  of  olivine  in 
Jeedamya  is  Fai9  5(N=37,  tz^O.lS).  The  compositions  of  low-Ca  pyroxenes  are  slightly 
variable  ranging  from  Fs|f,  |.,7  7 The  mean  composition  of  pyroxene  is  Fst7  2 (N=19  , 
cz=0.47),  and  the  wollastonite  contents  of  grains  vary  from  0.6-1, 3 mol.  %. 

McCall  (1972)  classified  Jeedamya  as  an  H6  chondrite.  However,  the  lack  of 
crystalline  plagioclase  feldspar  and  abundance  of  twinned  clinopyroxene  indicate  that 
Jeedamya  is  petrologic  type  4.  The  mean  Wo  content  of  pyroxene  (0.9%)  (Table  2)  in 
Jeedamya  lies  within  the  range  (0.4- 1.2  mol.  %)  commonly  encountered  in  type  4 
chondrites  (Scott  et  ai,  1 986).  However,  moderate  integration  of  chondrules  and  matrix 
indicate  that  the  meteorite  may  be  transitional  between  types  4 and  5. 
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Table  1.  Essential  mineralogical,  petrographic  and  structural  features  of  six  ordinary  chondrites  from  Western  Australia. 
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Table  2:  Representative  analyses  and  compositional  ranges  of  olivine  and  low-Ca  orthopyroxene  in  six 

ordinary  chondrites  from  WA 


Baandee 

Jeedamya 

Mt  Margaret 

Millrose 

Wooramel 

Nimberrin 

olivine 

Si02 

38.67 

38.26 

37.80 

38.19 

38.08 

37.42 

FeO* 

17.54 

17.99 

22.22 

22.47 

22.59 

23.23 

MnO 

0.44 

0.55 

0.57 

0.60 

0.48 

0.56 

MgO 

43.16 

43.14 

40.14 

39.32 

39.05 

38.91 

CaO 

— 

— 

— 

— 

— 

— 

Total 

99.81 

99.94 

100.73 

100.58 

100.20 

100.12 

Range 

No.  of  anals. 

15 

37 

15 

10 

14 

10 

mean  Fa(mol%) 

18.7 

19.5 

24.0 

24.8 

24.9 

25.5 

%MD 

1.7 

I.O 

I.O 

2.0 

1.7 

1.5 

orthopyroxene 

Si02 

56.21 

55.81 

55.41 

54.93 

55.50 

55.21 

Ti02 

— 

— 

— 

0.37 

— 

— 

FeO* 

1 1.07 

1 1.14 

13.62 

13.58 

13.99 

14.32 

MnO 

0.44 

0.48 

0.58 

0.61 

0.58 

0.42 

MgO 

31.94 

31.43 

29.53 

28.94 

29.68 

29.05 

CaO 

0.53 

0.52 

0.53 

0.77 

0.67 

0.55 

Total 

100.19 

99.38 

99.67 

99.20 

100.42 

99.55 

Range 

No.  of  anals. 

10 

19 

10 

10 

10 

10 

mean  Fs  (moI%) 

16.7 

17.2 

20.9 

21.4 

21.3 

22.3 

mean  Wo  (mol%) 

1.1 

0.9 

1.1 

1.5 

1.3 

1.5 

* All  Fe  as  FeO  — = not  detected  % MD  = percentage  mean  deviation. 

Analytical  conditions:  MAC  E.D.S.  electron  microprobe  operated  at  15  kV  and  20  nA. 
Standards  employed;  independently  analysed  olivine  and  pyroxene.  Analyst  A.W.R.  Bevan. 


In  Jeedamya,  minor  modifications  of  both  silicate  and  metallic  minerals  (Table  1)  as 
the  result  of  shock-loading  indicate  a level  of  shock  alteration  appropriate  to  ‘facies  b’  of 
the  Dodd  and  Jarosewich  (1979)  classification. 

Wooramel  contains  abundant,  tightly  packed  and  irregularly  shaped  chondrules  set  in  a 
medium  grained  crystalline  matrix.  The  bulk  chemical  composition  (Table  3),  with  total 
iron  content  of  22.28  wt  %,  and  the  compositions  of  olivine  (Fa24.9)  and  pyroxene  (Fs2i. 3 
Wo,  3)  (Table  2)  classify  Wooramel  as  an  L-group  ordinary  chondrite  ( Van  Schmus  and 
Wood,  1967).  Although  well  integrated  with  the  matrix,  chondrules  remain  distinct  by 
virtue  of  their  well  preserved  internal  textures.  The  mesostases  of  chondrules  variably 
comprise  turbid  material  and  microcrystalline  (1-5  ixm)  grains.  Plagioclase  feldspar 
occurs  as  microcrystallites  (rarely  exceeding  5 /xm  in  diameter)  within  chondrules  and 
matrix.  Accessory  silicate  minerals  in  Wooramel  include  rare  grains  of  polysynthetically 
twinned  clinopyroxene  and  diopside. 

The  microstructure  of  Wooramel  and  the  presence  of  equilibrated  mineral 
assemblages  are  consistent  with  petrologic  type  5 of  the  Van  Schmus  and  Wood  (1967) 
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classification.  Minerals  in  Wooramel  show  evidence  of  extensive  shock  and  reheating. 
Under  crossed  polars,  silicates  display  marked  undulose  extinction  and  some  grains  of 
olivine  show  incipient  mosaicism.  Locally,  there  are  veins  and  pockets  of  melted  silicates, 
up  to  50  fj.m  across,  comprising  crystal  fragments  set  in  a turbid,  brow'n  silicate  glass. 
Maskelynite  was  not  observed.  However,  grains  of  plagioclase  are  generally  too  small  to 
be  resolved  clearly  under  the  microscope.  Overall,  the  level  of  shock  alteration  of  silicates 
corresponds  to  ‘facies  d-e’  of  the  Dodd  and  Jarosewich  (1979)  classification. 

Particles  of  metal  and  troilite  have  been  extensively  shock-melted  causing  localised 
‘blackening’  of  the  meteorite.  The  melted  material  has  been  injected  into  the  surrounding 
silicates  as  droplets  and  veins  ( Figure  3a).  Frequently,  grains  of  kamacite  show  partial,  or 
complete  ‘massive’  transformation  to  ragged  aa-kamacite  (Figure  3b). 

Mount  Margaret  contains  prominent  chondrules  set  in  a crystalline  matrix.  The  total 
iron  content  (22.40  wt  %)  of  the  meteorite  and  compositions  of  the  constituent  ferro- 
magnesian  silicates  (olivine  Fa24,o;  orthopyroxene  FS209  Wo| j)  show  that  Mount 
Margaret  belongs  to  the  L-group  of  chondrites.  Microcrystalline  plagioclase  feldspar, 
uniform  silicate  compositions,  and  the  presence  of  rare  grains  of  polysynthetically 
twinned  clinopyroxene  and  diopside  ( Fsx.3  £1^52.3^0.^9  4)  indicate  that  Mount  Margaret  is 
petrologic  type  5.  Minor  alteration  of  minerals  in  Mount  Margaret  as  the  result  of 
shock-loading  (Table  1)  correspond  with  ‘facies  b’  of  the  Dodd  and  Jarosewich  (1979) 
classification. 

Nimberrin  is  a thoroughly  recrystallized  chondrite  containing  indistinct  relic  chondrules 
in  a coarsely  crystalline  matrix.  The  compositions  of  olivine  (Fai^g)  and  low-Ca 
orthopyroxene  (FS22.3  WO|o)  are  homogenous  and  within  the  range  of  L-group 
chondrites.  Accessory  minerals  include  diopside  (Fs^.g  En47Q  ^0432)-  The  degree  of 
recrystallization  of  Nimberrin  is  consistent  with  petrologic  type  6 of  the  Van  Schmusand 
Wood  (1967)  classification. 

Extensive  and  severe  shock  alteration  of  minerals  throughout  the  meteorite  (Table  I ), 
including  the  general  conversion  of  plagioclase  feldspar  to  maskelynite  and  abundant 
pockets  of  shock-melted  silicate,  are  consistent  with  ‘facies  d’  of  Dodd  and  Jarosewich 
(1979).  In  addition,  grains  of  metaland  troilite  have  been  extensively  melted,  a-kamacite 
has  been  recrystallized  to  equiaxial  units  ( Figure  3c),  and  there  is  abundant  plessite  (a  + 

7). 

Millrose  is  a highly  recrystallized  chondrite  comprising  rare  chondrule  relics  in  a 
granular,  crystalline  inter-chondrule  matrix.  Olivine  and  low-Ca  orthopyroxene  with 
uniform  compositions  of  Fa24  K and  FS21.4  W015  respectively,  classify  Millrose  as  an 
L-group  chondrite.  The  degree  of  recrystallization  of  the  chondrite  is  consistent  with 
petrologic  type  6 of  the  Van  Schmus  and  Wood  (1967)  classification. 

Severe  alteration  of  silicate  minerals  in  Millrose  resulting  from  shock-loading  (Table 
I)  include  undulose  extinction,  partial  conversion  of  plagioclase  to  maskelynite  and 
melt-pockets.  Additionally,  metal  and  troilite  have  been  shock  melted  and  grains  of 
a-kamacite  have  been  locally  converted  to  a2-kamacite. 
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Table  3.  Bulk  chemical  analyses  and  normative  compositions  of  the  Baandee,  Jeedamya.  Mount 
Margaret  and  Wooramel  ordinary  chondrites. 


Baandee 

Jeedamya 

Mt.  Margaret 

Wooramel 

♦♦♦Wooramel 

WtX  (ppn) 

(measured) 

( recalc . ) 

Non-*ai<netic , attacked 

(Suiphidea ) 

Fe 

2.68 

2.67 

2.32 

2.61 

2.61 

Cr 

(<!)♦ 

(<1) 

(<1) 

(<1) 

(<1) 

Ti 

(<5) 

(<5) 

(<5) 

(10) 

(10) 

Mn 

(29) 

(73) 

(41) 

(70) 

(70) 

S 

1.63 

1.94 

1.53 

1.29 

1.29 

Cu 

(33) 

(13) 

(13) 

(45) 

(45) 

Zn 

(15) 

(4) 

(7) 

(25) 

(25) 

Ge 

(<0.5) 

(<0.5) 

(<0.5) 

(3) 

(3) 

Ga 

(<0.5) 

(0.6) 

(0.2) 

(<0.1) 

(<0.1) 

Ma/inetic , attacked 

bulk 

(Ni-poor  letai  and  achreiberaite) 

metal 

Fe 

18.21 

17.80 

9.53 

1.02 

9.97 

Ni 

1.34 

1.38 

0.70 

0.86 

1.42 

Co 

(756) 

(800) 

(510) 

(310) 

(313) 

Ge 

(4.8) 

(5.6) 

(3.7) 

(<0.l) 

(<0.1) 

Ga 

(3.7) 

(1.5) 

(0.3) 

(<0.1) 

(<0.1) 

P 

(7) 

(5) 

(3) 

(165) 

(165) 

Si 

(25) 

(24) 

(8) 

(22) 

(22) 

Cu  (3) 

Maitnetic,  unattacked 

(Ni-rich  aetal ) 

Fe 

0.91 

0.51 

0.94 

0.071 

/ 

Ni 

0,56 

0.32 

0.59 

0.039 

/ 

Co 

(33) 

(42) 

(66) 

(3) 

/ 

Cu 

n . d . 

(56) 

(78) 

(3) 

/ 

Ge 

n.d. 

(1.4) 

(3.1) 

(<0.1) 

/ 

Ga 

(7.6) 

(0.3) 

(0.3) 

(<0.1) 

Non-aa^netic , unattacked 

(silicates,  phosphates , 

oxides ) 

SiOj 

35.90 

36.49 

39.87 

39.30 

41.56 

TiOa 

0.08 

0.12 

0.20 

0.20 

0.21 

AliOj 

1.84 

1.92 

2.04 

1.95 

2.06 

CraOa 

0.54 

0.59 

0.56 

0.60 

0.63 

FeO 

9.49 

9.39 

12.36 

11,80 

12.48 

F e 2 0 3 

- 

- 

- 

12.70 

- 

NiO 

- 

- 

- 

0.66 

- 

M«0 

23.19 

23.24 

25.45 

22.80 

24.11 

HnO 

0.28 

0.28 

0.33 

0.15 

0.20 

CaO 

1.66 

1.52 

1.73 

1.89 

1.98 

NaaO 

0.73 

0.76 

0.88 

0.62 

0.65 

KaO 

0.10 

0.10 

0.10 

0.09 

0.10 

P2O5 

0.25 

0.25 

0.22 

0.25 

0.26 

HaO* 

0.27 

0,19 

0.  19 

1.11 

0.30 

II2O- 

0.03 

0.05 

0.04 

n.d. 

n.d. 

C 

0.06 

0.03 

0.03 

0.10 

0.10 

Ge 

n.d. 

(<0.5) 

(1.0) 

(35) 

(35) 

Ga 

(<0.5) 

(2.9) 

(2.3) 

(9) 

(9) 

Totals 

99.84 

99.65 

99.68 

100.18 

100.00 
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Baandee 

Jeedamya 

Mt.  Marxaret 

Wooramel 

Wt%  (ppm) 

{rtca\c.  ) 

Weixht  ratios** 

FeT% 

29.18 

28.28 

22.40 

22.28 

Fe®/FeT 

0,65 

0.62 

0.45 

0.45 

FeT/Si02 

0.81 

0.78 

0.56 

0.54 

SiOa/MxO^ 

1.55 

1.57 

1.57 

1,72 

NORMS  (wt  % 

) 

Baandee 

Jeedamya 

Mt . Margaret 

Woorame 1 

Metal 

20.9 

19.4 

11.5 

11.4 

Tro i 1 i te 

4.5 

5 . 3- 

4 . 2 

3.9 

Or 

0.6 

0.6 

0.6 

0.6 

Ab 

6.2 

6 . 4 

7 . 4 

5.5 

An 

1 . 4 

1.5 

1 . 3 

2 . 4 

Di 

4 . 1 

3.5 

4.7 

3 . 5 

Hy 

27.4 

29 . 7 

27.9 

42 . 4 

01 

32.8 

31  .2 

40.  1 

27  . 7 

Chr 

0.8 

0.9 

0.8 

0.9 

11 

0.2 

0 . 2 

0.4 

0.4 

Ap 

0.6 

0.6 

0.5 

0.8 

others 

0.5 

0.6 

0.4 

0.4 

Total 

100.00 

99.9 

99 . 8 

100.00 

Fa‘ 

18  . 1 

17 . 8 

20.7 

22.8 

An 

16 . 5 

16 . 8 

13 . 3 

Ni 

9 . 1 

8.8 

11.3 

12.4 

Notes:  * Figures  in  brackets  are  parts  per  million; 
n.d.  = not  determined 
**  Per  = total  iron;  Fe"  - metallic  iron 

Fa  = atom  *'7  Fe  (Fe+Mn'i  Mg)  in  normative  olivine  and  pyroxene 
An  = molCf  An  (Or+Ab+An)  in  normative  feldspar 


***  recalculated  Wooramel  analysis;  Fe203  and  NiO  recalculated  as  metal,  excess  water  removed  and  oxide 
fraction  recalculated  to  100% 

(Analyst  R.O.  Pepper) 


Estimation  of  levels  of  shock  alteration 

It  is  widely  accepted  that  most  of  the  mechanical  damage  and  re-heating  effects  displayed 
by  the  minerals  in  chondritic  meteorites  are  related  to  shock  events  which  post  date  their 
formation,  primary  crystallization  and  cooling  (e.g.,  Heymann  1967;  Dodd  and 
Jarosewich  1979).  Estimates  of  the  P,  T relationships  indicated  by  mechanical  and 
thermal  damage  to  minerals  in  naturally  shocked  chondrites  have  been  made  by 
comparison  with  experimentally  shock-loaded  meteoritic  (Fredricksson  et  al.  1963; 
Sears  et  al.  1984),  terrestrial  (Stoffler  1972  and  1974)  and  synthetic  (Zukas  and  Fowler 
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Figure  3a.  Incipient  melting  of  metal  (M),  troilite  (T)  and  silicates  (S)  in  the  Wooramel  meteorite. 

3b.  Grain  of  kamacite  in  Wooramel  showing  Neumann  bands  and  partial  transformation  to 
‘ragged’  a2-kamacite  along  the  boundary  with  silicates  (S)  (2%  nital  etch). 

3c.  Kamacite  in  Nimberrin  recrystallized  to  equiaxial  units  showing  good  120"  triple  junctions. 
{2%  nital  etch).  Scale  bars  = 10  /im. 

1961;  Zukas  1969)  materials.  Compressive  shock-loading  of  materials  is  accompanied  by 
adiabatic  heating.  Following  the  passage  of  the  shock  wave,  rarefaction  and 
decompression  cools  the  material  to  a 'residual’  temperature.  Subsequently,  the  material 
cools  by  radiation  and  conduction,  the  rate  of  cooling  depending  on  the  insulation  of  the 
material. 

All  the  chondrites  in  the  present  study  display,  to  varying  degrees,  the  effects  of 
alteration  by  shock-loading.  The  extent  and  nature  of  alteration  to  chondritic  materials 
caused  by  shock,  or  shock  reheating,  depends  on  the  scale  of  mechanical  damage,  peak 
temperature  during  shock  and  the  rate  of  cooling  following  shock  (Sears  et  ai  1984).  In 
the  six  meteorites  studied,  the  absolute  rates  of  cooling  after  shock  are  unknown. 
However,  from  the  observed  microstructural  indicators  of  shock  displayed  by  each 
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meteorite  it  is  possible  to  establish  rough  limits  for  the  magnitude  of  the  shock  event,  the 
peak  shock  temperature,  and  also  the  relative  rates  at  which  the  material  cooled. 

In  Baandee,  Jeedamya  and  Mount  Margaret,  silicate  minerals  show  weak  undulatory 
extinction,  troilite  displays  deformation  twins  and  Neumann  bands  are  present  in  grains 
of  kamacite.  These  features  are  the  result  of  low  temperature,  pressure  induced  damage 
consistent  with  mild  shock-loading  to  pressures  of  <10-15  Gpa  (Sears  et  ai  1984). 
Although  temperatures  in  these  meteorites  may  have  been  raised  slightly  during  shock 
compression  they  cannot  be  estimated  accurately,  but  were  certainly  less  than  500 
(Raikes  and  Ahrens  1978).  The  absence  of  evidence  of  recrystallization  in  mechanically 
deformed  metal  indicates  that  post  shock  cooling  rates  in  Baandee,  Jeedamya  and 
Mount  Margaret  were  rapid. 

In  Wooramel,  Nimberrin  and  Millrose,  silicate  and  metallic  minerals  show  evidence 
of  both  mechanical  and  thermal  damage.  In  Wooramel,  the  presence  of  abundant 
a2-kamacite  throughout  the  body  of  the  meteorite  and  which  probably  formed  by  the 
reaction  7^a2{Axon  1967),  indicates  severe  transient  re-heating  to  temperatures  in 
excess  of  800  followed  by  rapid  cooling.  However,  to  account  for  the  extensive 
incipient  melting  and  mixing  of  metal,  troilite  and  silicates,  much  higher  temperatures 
must  have  been  achieved  locally  during  shock  compression.  It  is  probable  that 
attenuation  of  shock  waves  at  grain  boundaries  caused  localised  melting  w'here  peak 
shock  temperatures  must  have  risen  to  900-1000  Sears  et  al.  ( 1984)  demonstrated 
that,  in  chondritic  meteorites,  troilite  is  a "shock  absorber’,  often  inducing  locally  high 
temperatures  under  conditions  of  shock-loading.  Overall,  the  mechanical  and  thermal 
damage  in  Wooramel  is  consistent  with  shock-loading  to  pressures  of  approximately  30 
Gpa  (Sears  e/ a/.  1984). 

In  Millrose,  incipient  transformation  of  kamacite  to  ai  and  shock  melted  metal, 
troilite  and  silicates  indicate  a level  of  shock  alteration  similar  to  Wooramel.  However, 
despite  extensive  shock  melting,  silicates  in  Millrose  have  not  been  "blackened’  by  the 
shock  event,  and  pockets  of  shock  melted  material  are  less  abundant  than  in  Wooramel. 
Although  temperatures  in  Millrose  during  shock-loading  undoubtedly  rose  to  800-1000 
cooling  from  peak  shock  temperatures  was  rapid.  The  extent  of  shock  damage  in 
Millrose  is  consistent  with  shock-loading  in  the  range  25-30  Gpa  (Sears  et  al.  1984). 

Compared  with  Wooramel  and  Millrose,  Nimberrin  displays  similar  levels  of 
alteration  by  shock-loading,  but  a more  complicated  thermal  history.  In  Nimberrin,  the 
occurrence  of  kamacite  which  has  been  recrystallized  to  equiaxial  units  ( Figure  3c),  and 
abundant  plessite  (a+7),  indicates  a period  of  prolonged  annealing  at  temperatures  in 
excess  of  500  (Axon,  1967;  Wood,  1967).  The  nature  of  the  alteration  of  kamacite  is 
consistent  with  recrystallization  of  mechanically  deformed  and  shock  hardened  metal 
(Axon  1967).  Extensive  melting  of  metal,  troilite  and  silicates  throughout  the  meteorite 
testify  to  local  peak  shock  temperatures  in  the  range  900-1000*^C.  Unfortunately,  deep 
weathering  of  particles  of  metal  in  Nimberrin  has  obscured  some  of  the  metallographic 
features,  particularly  along  grain  boundaries.  Evidence  of  ai  transformations,  which 
might  have  post  dated  the  recrystallization  of  kamacite  were  sought,  but  not  found. 
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The  textural  features  of  metal  in  Nimberrin  signify  that  cooling  from  the  peak  shock 
temperature  was  moderate  to  slow.  This  allowed  mechanically  deformed  kamacite  to 
recrystallize,  and  taenite  to  decompose  to  plessite  (a+7).  Alternatively,  Nimberrin  may 
have  undergone  more  than  one  period  of  shock,  heat  treatment  and  cooling. 


Summary  and  conclusions 

The  six  meteorites  described  here  bring  the  total  number  of  documented  and  distinct 
meteorites  from  Western  Australia  to  120.  The  meteorites;  Baandee  (H5),  Jeedamya 
(H4),  Mount  Margaret  (L5),  Wooramel  (L5),  Nimberrin  (L6)  and  Millrose  (L6),  are  all 
ordinary  chondrites.  The  meteorites  display  varying  degrees  of  alteration  attributable  to 
pre-terrestrial  shock-loading  appropriate  to  facies  b (Baandee,  Jeedamya,  Mount 
Margaret),  facies  d (Nimberrin  and  Millrose)  and  facies  d-e  (Wooramel)  of  the  Dodd 
and  Jarosewich  (1979)  classification. 

Comparisons  with  experimentally  shocked  meteoritic  (Sears  et  ai  1984)  and 
terrestrial  (Reimold  and  Stoffler  1978)  materials  indicate  magnitudes  (P  T)  of  shock- 
loading ranging  from  <10  Gpa  and  <500  (facies  b)  to  >30  Gpa  and  800-1000  ’’C 
(facies  d-e).  The  microstructures  of  metallic  minerals  in  those  meteorites  displaying  the 
effects  of  appreciable  shock  reheating  indicate  rates  of  cooling  following  shock  which 
vary  from  fast  ( Wooramel  and  Millrose)  to  moderately  slow  (Nimberrin),  and  serve  to 
emphasize  the  enormous  range  of  alteration  which  may  be  encountered  in  shocked 
meteorites. 
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On  the  vernacular  name  of  Petrogale  burbidgei 

Andrew  A.  Burbidge  and  Phillip  J.  Fuller* 


Kitchener  and  Sanson  (1978),  when  describing  Petrogale  burbidgei  (MsLVSupiaVici: 
Macropodidae),  suggested  the  vernacular  name  warabi  for  it,  based  on  a personal 
communication  from  1.  Crawford  that  warabi  is  the  name  used  by  Wunumbal- 
speaking  people.  Subsequently,  warabi  was  adopted  by  the  Australian  Mammal 
Society  in  1980  and  is  used  in  Strahan  ( 1983). 

During  1987  and  1988  we  worked  with  Wunambal  ( = Wunumbal),  Worora  and 
Ungarinyin  Aborigines  in  the  north  west  Kimberley  during  the  Department  of 
Conservation  and  Land  Management's  rainforest  surveys  and  during  negotiations 
with  local  Aboriginals  about  the  future  management  of  the  Prince  Regent  Nature 
Reserve.  We  obtained  Wunambal  names  for  a variety  of  mammals  as  well  as  other 
vertebrates  and  plants.  When  discussing  Petrogale  burbidgei  we  were  consistently 
told  that  warabi  was  not  the  name  of  an  animal.  Warabi  is,  however,  the  name  of  a 
major  mythological  site  on  the  coast  of  Montague  Sound  (Crawford  1968). 

Aborigines  in  the  north  Kimberley  use  the  same  names  for  both  P.  burbidgei  and 
P.  concinna,  although  they  clearly  recognize  that  there  are  two  different  species 
where  they  occur  together,  fhe  Wunambal  names  we  were  given  are  monjon  and 
maluwal;  these  are  synonyms.  The  other  names  we  noted  were  manjanj  (Worora) 
and  wunjana  (Ungarinyin)  (orthography  of  McGregor,  1988).  We  are  confident 
that  these  are  most,  if  not  all,  the  Aboriginal  names  for  this  geographically 
restricted  species. 

Under  the  circumstances  the  use  of  warabi  for  P.  burbidgei  is  incorrect.  We 
propose  that  monjon  be  adopted  instead.  Petrogale  concinna  has  a well  accepted 
vernacular  name  ( Nabarlek)  derived  from  Arnhem  Land  Aborigines  and  the  use  of 
monjon  should  not  lead  to  any  ambiguity. 

We  thank  Tjapu  (Geoffrey)  Mangglamarra  of  Kalumburu  for  his  help  with  the 
Wunambal  language. 
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Rediscovery  of  the  palm  Livistona  alfredii 
on  the  North  West  Cape  Peninsula 

W.F.  Humphreys,*  R.D.  Brooksf  and  B.  Vine§ 


In  1 899  Thomas  Carter  was  shown  some  palm  trees  by  aboriginal  people  (Vines  1 968)  on 
the  North  West  Cape  Peninsula  of  Western  Australia;  '‘In  one  place  [behind  the  range]  a 
few  clumps  of  cabbage-tree  palms  occur,  which  is  somewhat  remarkable”  (Carter  1 902). 
However,  due  to  the  lack  of  specimens  the  authenticity  of  the  record  has  not  been 
accepted  despite  the  otherwise  impeccable  natural  history  observations,  especially  of 
birds,  made  by  Carter  in  that  area  (Carter  1903  a,b,c,d). 

Examination  of  the  correspondence  between  Thomas  Carter  (from  Point  Cloates) 
and  B.  Woodward,  Curator  ohhe  Western  Australian  Museum  (WAM),  in  the  archives 
of  the  Museum  shows  that  Thomas  Carter  collected  specimens  and  sent  them  to  the 
Museum.  In  a letter  to  Woodward  (Carter  30.1.1899)  he  states;  “I  found  a patch  of 
remarkable  Palm  Trees  last  June  about  40  ft  high.  Do  not  know  species  but  take  it  to  be 
the  Cabbage  J'ree.  Would  it  be  any  use  sending  a leaf  or  two?,  (about  5 ft  in  length)”. 
(This  letter  also  refers  to  a rabbit  caught  on  Point  Cloates  that  year).  Woodward  replied 
(20.3. 1899)  that  “It  would  be  great  to  have  leaves  of  the  Cabbage  Tree”.  On  7 December 
1 899,  amongst  a receipt  for  four  bird  specimens.  Woodward  acknowledges  receipt  of  “A 
bundle  of  palm  tree  leaves”. 

In  those  days  some  botanical  specimens  were  registered  by  the  Museum.  The  bird 
specimens  were  recorded  in  1899  in  the  catalogue  as  WAM  (13989-1392)  and,  although 
the  bird  specimens  were  added  twice  to  the  Donations  Book  (6/11/1899  and 
8/12/1899),  the  palm  specimens  were  not  recorded.  The  botanical  collection  was 
transferred  from  the  Museum  to  the  Department  of  Agriculture  in  1957  and  was  later 
absorbed  by  the  Western  Australian  Herbarium,  now  part  of  the  Department  ol 
Conservation  and  Land  Management.  No  trace  of  the  specimens  has  been  found. 

On  2 September  1988  a palm  tree,  c\  9 m tall  (Figure  la),  and  the  stump  of  another, 
were  seen  by  D.  Brooks  and  B.  Vine  while  searching  for  caves  in  the  southern  part  of 
Cape  Range  (22«23^S;1 13<>54T)  bearing  initials  carved  into  the  bark,  apparently  MC 
(Figure  lb). 

On  29  September  1988  two  additional  palms  (r.  6-7  m tall)  and  one  stump  (r.  2 m tall; 
Figure  Ic)  were  found  c\  250  m downstream  from  the  lone  palm.  The  taller  palm  had  a 
fire  damaged  trunk  and  fruit  stalks  were  found  on  the  ground.  Two  fronds,  old  fruit 
stalks  and  bark  were  collected  from  the  palms.  The  material  was  dried  and  some  fresh 
frond  tissue  was  stored  in  liquid  nitrogen. 


* Western  Australian  Museum,  hrancis  Street,  Perth,  Western  Australia  6000 
t62  The  Crescent,  Maddington,  W.A.  6109. 

§86  Schruth  Street,  Kelmscott,  W.A.  6111 
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Livi.sionia  alfredii  on  North  West  Cape 


Figure  1.  a)  Lone  palm  tree  bearing  initials,  b)  Initials,  possibly  of  Thomas  Carter,  on  a solitary  palm 
tree,  c)  Livisiona  alfredii  in  Cape  Range,  d)  Note  the  form  of  the  T in  Thomas  Carters  signature 
from  a letter  of  18.12.191  1 (WAM  archives). 
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The  fronds  were  identified  by  R.N.  Rodd(N.S.W.  Herbarium)  as  Livistona  alfredii  F. 
Muell.,  known  elsewhere  only  from  Millstream,  340  km  ENE  in  the  Fortescue  Basin, 
and  Duck  Creek,  280  km  to  the  east  in  the  Ashburton  Basin,  both  on  the  Pilbara  Block. 
The  record  from  Cape  Range  is  the  only  location  for  Livistona  sp.  in  the  Carnarvon 
Geological  Basin.  The  palms  are  in  the  proposed  extension  (CALM  1987)  to  Cape 
Range  National  Park. 

Aerial  reconnaissance  on  30  September  1988  failed  to  reveal  additional  palm  trees  in 
the  area.  The  palms  are  surrounded  by  spinifex  plain  between  sand  dunes  and  in  a dry 
creek  bed  containing,  near  the  lone  palm,  unusual  rounded  limestone  pillars  (karst 
feature  C-206).  The  limestone  pillars  are  exposed  for  only  20  m downstream  and  100  m 
upstream,  beyond  which  they  are  buried  beneath  sand. 

The  palms  probably  represent  the  relics  of  the  more  extensive  grove  seen  by  Carter 
who  states  that  they  were  'Tew  in  number"  (in  Vines  1968)  but  refers  to  "a  few  clumps" 
(Carter  1902).  The  only  other  occurrences  of  L.  alfredii  are  in  major  river  valleys  adjacent 
to  pools.  While  there  is  clear  speleological  (S.  White,  pers.  comm.  1988)  and 
zoogeographic  evidence  (Humphreys  et  at.  1989  and  unpublished)  that  the  Cape  Range 
area  used  to  be  much  wetter,  there  is  as  yet  no  firm  evidence  as  to  the  time  of  the  last  wet 
period.  The  Cape  Range  palms  are  probably  dying  relicts  of  this  more  humid  past. 

Nowhere  does  Carter  mention  having  carved  initials  in  the  tree  although  he  was  in  the 
habit  of  carving  useful  signs  in  trees  (e.g.  WELL  with  an  arrow;  Carter  1987).  As  the  T in 
Thomas  Carter's  signature  was  written  like  a modern  J (Figure  Id)  it  seems  possible  that 
it  is  Carter’s  initials  which  are  carved  in  the  lone  palm  tree.  His  diaries  were  destroyed  in 
1932  when  he  died  and,  except  for  a lone  manuscript  (the  basis  for  Carter  1987)  his 
remaining  papers  and  memorabilia  were  lost  in  1943  when  his  wife  died  in  London  (V. 
Carter,  pers.  comm.  1988). 
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A specimen  of  megamouth  shark,  Megachasma  pelagios 
(Megachasmidae)  from  Western  Australia. 

Tim  M.  Berra*  and  J.  Barry  Hutchinst 


Introduction 

On  18  August  1988  the  Fisheries  Inspector  at  Mandurah  contacted  the  second  author  to 
report  that  a large,  strange-looking  sharklike  beast  had  washed  ashore  near  the  entrance 
to  Mandurah  estuary  (32'^3FS,  I15M3'E).  Upon  inspection  two  hours  later,  the 
identification  as  Megachasma  pelagios  Taylor,  Compagno,  and  Struhsaker  1983  was 
confirmed  (Figure  1),  this  being  the  third  known  specimen  of  the  species,  and  the  first 
from  the  Indian  Ocean.  Surfboard  riders  reported  sighting  the  shark  the  previous  day  in 
shallow  water.  Believing  it  to  be  a small  whale  intent  on  beaching  itself,  they  had  tried  to 
coax  it  into  deeper  water.  However,  the  following  morning  it  was  stranded  by  a receding 
tide,  and  although  still  alive  when  found,  died  soon  afterwards.  The  5.15m  long  shark 
was  transported  to  Perth,  snap-frozen,  and  subsequently  preserved  in  formalin,  details 
of  which  are  presented  below. 

The  first  specimen  of  this  shark,  subsequently  described  as  a new  species,  genus,  and 
family,  was  collected  on  15  November  1976  about  42  km  northeast  of  Kahuku  Point, 
Oahu,  Hawaii  (approximately  2 f^5 1 'N,  1 57'»46'W).  The  4.46  m male  was  entangled  in  a 
large  parachute  used  as  a sea  anchor  by  a U.S.  Navy  research  vessel  at  a depth  of  165  m 
over  water  4,600  m deep.  The  shark,  weighing  750  kg,  appeared  to  be  a filter  feeder  as  its 
stomach  contained  a large  quantity  of  the  euphausid  Thysanopoda  pectinata.  This 
individual  was  referred  to  by  its  captors  as  “megamouth”  because  of  its  large  cavernous 
mouth. 

The  second  specimen  of  Megachasma  pelagios  was  caught  on  29  November  1984  in  a 
gill  net  set  no  deeper  than  38  m at  a distance  of  14  km  off  the  east  end  of  Santa  Catalina 
Island,  California  (approximately  33'^25'N,  1 18<*25'W)(Lavenbergand  Seigel  1985).  The 
shark,  a male  of  4.5  m and  estimated  to  weigh  700  kg,  was  still  alive  when  found. 
Stomach  contents  included  fragments  of  euphausids,  copepods,  and  the  jellyfish  Atolla 
vanhoeffeni.  The  preserved  specimen  is  on  display  at  the  Natural  History  Museum  of 
Los  Angeles  County,  Los  Angeles,  California. 

While  the  present  paper  was  in  preparation,  a fourth  specimen  of  megamouth  shark 
washed  ashore  at  Hamamatsu,  Japan  (34*’42'N,  137‘42'E)  on  23  January  1989  (Nakaya 
1989).  The  specimen  was  photographed,  but  before  it  could  be  saved,  washed  back  out  to 
sea.  The  photographs  revealed  that  it  was  a male  approximately  4 m long. 


*Department  of  Zoology,  Ohio  State  University,  Mansfield,  Ohio,  44906,  U.S.  A. 
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Megamouth  shark  from  Western  Australia 


Figure  1.  The  Western  Australian  specimen  of  Megachasma pelagios{\^ AM  P.  29940-001)  shortly  after 
it  washed  ashore  at  Mandurah  on  18  August  1988.  Note  the  possible  cookiecutter  shark  crater 
wound  above  the  gill  slits. 


Preservation  of  Megamouth  III 

The  beached  shark  was  rolled  onto  concrete  reinforcing  wire  mesh,  lifted  by  frontend 
loader  onto  a truck,  and  transported  to  a deepfreeze  in  Perth  where  it  was  snap  frozen 
later  that  afternoon.  Because  of  the  public  interest  in  its  capture,  the  shark  was  displayed 
three  days  later.  The  still  frozen  megamouth  was  placed  on  a flatbed  trailer,  and  moved 
to  a shaded  parking  lot  at  the  Western  Australian  Museum.  After  three  hours  of  viewing 
by  the  public,  the  shark  was  returned  to  the  freezer.  During  these  moves,  the  wire  mesh 
was  replaced  by  a canvas  sling,  and  two  samples  of  tissue  from  inside  the  mouth  were 
removed  for  future  study  (one  was  stored  in  Bouin's  solution,  and  the  other  refrigerated 
in  modified  Karnovskii’s  solution).  It  was  also  weighed  at  a public  weighing  station 
which  indicated  a weight  of  690  kg  (±  20  kg). 

In  order  to  accommodate  the  specimen  for  fixation,  a large  coffin-shaped  pit 
(approximately  6.5  m x 3 m)  was  dug  in  sandy  soil,  padded  with  cardboard,  and  lined 
with  a double  layer  of  0.2  mm  swimming  pool  plastic  liner.  The  hole  was  filled  with  water 
and  the  frozen  specimen  lifted  by  crane  into  the  hole  where  it  thawed  over  a weekend. 
About  half  the  water  was  then  pumped  out  to  facilitate  the  rolling  of  the  shark  for 
measuring.  Seventy-three  measurements  were  made  as  described  in  Compagno  (1984: 
10-12)  (Table  1). 
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Table  1.  Measurements  in  millimetres  and  proportions  as  percentages  of  total  length  of  the  Western 
Australian  specimen  of  Megachasma pelagios  compared  with  the  holotype’s  measurements  as 
given  by  Taylor,  Compagno,  and  Struhsaker  (1983).  Measurements  of  the  Californian 
specimen  have  not  been  published.  Measurements  follow  Compagno  (1984:  10-12). 


Character 

mm 

Holotype 

%TL 

WAM  P.29940-001 
mm  %TL 

Total  length 

4460 

5150 

Precaudal  length 

3090 

69.3 

3430 

66.6 

Prenarial  length 

100 

2.2 

105 

2.0 

Preoral  length 

66 

1.5 

60 

1.2 

Preorbital  length 

240 

5.4 

350 

6.8 

Prespiracular  length 

450 

10.1 

935 

18.2 

Prebranchial  length 

850 

19.1 

1090 

21.2 

Head  length 

1180 

26.5 

1320 

25.6 

Prepectoral  length 

1110 

24.9 

1390 

27.0 

Prepelvic  length 

2270 

50.9 

2510 

48.7 

Vent-caudal  length 

2165 

48.5 

2450 

47.6 

Pre-first  dorsal  length 

1540 

34.5 

1670 

32.4 

Pre-second  dorsal  length 

2530 

56.7 

2720 

52.8 

Interdorsal  space 

625 

14.0 

640 

12.4 

Dorsal-caudal  space 

395 

8.9 

430 

8.4 

Pelvic-anal  space 

330 

7.4 

370 

7.2 

Anal-caudal  space 

230 

5.2 

215 

4.2 

Eye  length 

56 

1.3 

60 

1.2 

Eye  height 

54 

1.2 

40 

0.8 

interorbital  space 

370 

8.3 

550 

10.7 

Nostril  width 

30 

0.7 

30 

0.6 

Internarial  space 

340 

7.6 

400 

7.7 

Anterior  nasal  flap  length 

7 

0.1 

Mouth  length 

273 

6.1 

450 

8.7 

Mouth  width 

827 

18.5 

580 

11.3 

First  gill  slit  height 

265 

5.9 

220 

4.3 

Second  gill  slit  height 

258 

5.8 

225 

4.4 

Third  gill  slit  height 

264 

5.9 

225 

4.4 

Fourth  gill  slit  height 

256 

5.7 

210 

4.1 

Fifth  gill  slit  height 

234 

5.2 

200 

3.9 

Caudal  peduncle  height 

237 

5.3 

280 

5.4 

Girth 

1800 

40.4 

1790 

34.8 

Pectoral  anterior  margin 

837 

18.8 

990 

19.2 

Pectoral  base 

262 

5.9 

330 

6.4 

Pectoral  height 

870 

16.9 

Pelvic  anterior  margin 

264 

5.9 

330 

6.4 

Pelvic  base 

207 

4.6 

320 

6.2 

Pelvic  height 

255 

5.7 

185 

3.6 

Pelvic  inner  margin  length 

38 

0.8 

35 

0.7 

Pelvic  posterior  margin  length 

181 

4.1 

195 

3.8 

Clasper  outer  length 

355 

8.0 

360 

7.0 

Clasper  inner  length 

550 

12.3 

560 

10.9 
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Table  1.  (continued) 

Character  Holotype  WAM  P.29940-001 

mm  %TL  mm  %TL 


Clasper  base  width  47 

First  dorsal  anterior  margin  415 

First  dorsal  base  404 

First  dorsal  height  226 

First  dorsal  inner  margin  82 

First  dorsal  posterior  margin  265 

Second  dorsal  anterior  margin  198 

Second  dorsal  base  191 

Second  dorsal  height  104 

Second  dorsal  inner  margin  80 

Second  dorsal  posterior  margin  158 

Anal  length  226 

Anal  anterior  margin  196 

Anal  base  159 

Anal  height  78 

Anal  inner  margin  67 

Anal  posterior  margin  80 

Dorsal  caudal  margin  1443 

Prevenlral  caudal  margin  625 

Lower  postventral  caudal  margin  377 

Upper  postventral  caudal  margin  1220 

Terminal  caudal  margin  96 


Caudal  fork  length 
Subocular  pocket  depth 
Second  dorsal  origin-anal  origin 
Inlergili  length 
Abdomen  height 
Tail  height 
Pelvic-caudal  space 
Caudal  fork  width 
Subterminal  caudal  margin 


1.1 

70 

1.4 

9.3 

280 

5.4 

9.1 

500 

9.7 

5.1 

250 

4.9 

1.8 

80 

1.6 

5.9 

295 

5.7 

4.4 

240 

4.7 

4.3 

255 

5.0 

2.3 

100 

1.9 

1.8 

75 

1.5 

3.5 

155 

3.0 

5.1 

145 

2.8 

4.4 

155 

3.0 

3.6 

80 

1.6 

1.7 

80 

1.6 

1.5 

65 

1.3 

1.8 

85 

1.7 

32.3 

1730 

33.6 

14.0 

720 

14.0 

8.5 

430 

8.4 

27.4 

1210 

23.5 

2.2 

105 

2.0 

480 

9.3 

40 

0.8 

415 

8.1 

320 

6.2 

640 

12.4 

420 

8.2 

715 

13.9 

450 

8.7 

85 

1.7 

The  body  musculature  of  the  specimen  was  injected  with  about  20  1 of  approximately 
30%  formalin  (12%  formaldehyde  solution)  via  130  mm  long  needles  of  2 mm  diameter 
attached  to  20  ml  syringes.  A long  1300  mm  needle  of  10  mm  diameter  was  used  to  pump 
40  1 of  about  50%  formalin  deep  into  the  body  and  the  body  cavity. 

The  pit  was  then  drained  and  clean  fresh  water  added  to  cover  the  shark  by  about  30 
cm.  The  volume  of  water  in  the  hole  was  crudely  estimated  by  the  flow  rate  and  time.  It 
was  calculated  that  1,660  1 of  concentrated  formalin  (40%  formaldehyde  solution) 
would  be  needed  to  produce  a 10%^  formalin  mixture.  The  preserving  solution  was 
analyzed  shortly  after,  and  tested  at  8.25%  formalin.  Two  months  later,  it  had  dropped 
to  4.25%  formalin,  but  after  the  addition  of  another  400  1 of  concentrated  formalin,  the 
solution  tested  at  1 1.75%  formalin. 
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At  present,  the  specimen  is  still  in  the  covered,  formalin-filled  pit  awaiting 
construction  of  a permanent  display  tank. 


Remarks 

The  new  family  Megachasmidae  was  erected  by  Taylor,  Compagno,  and  Struhsaker 
(1983)  within  the  order  Lamniformes.  However,  Maisey  (1985)  suggested  that 
Megachasma  is  the  primitive  sister  group  of  all  other  extant  lamniforms  based  upon 
similarities  in  jaw  suspension  and  dental  array.  He  concluded  that  Megachasma  and 
Cetorhinus,  the  Basking  Shark,  form  a monophyletic  group  of  specialised  filter-feeding 
lamniforms  that  could  be  included  in  the  Celorhinidae.  He  furthermore  considered  the 
Cetorhinidae  to  be  the  sister  group  of  the  Alopiidae  (thresher  sharks)  plus  the  Lamnidae 
(makos  and  pointers).  We  prefer  to  tentatively  retain  the  Megachasmidae  as  a distinct 
family  until  a more  thorough  investigation  of  the  phylogeny  of  lamniform  sharks  has 
been  completed. 

The  Western  Australian  megamouth  specimen  has  a small  circular  craterlike  wound 
just  above  gill  slits  2-3  on  the  right  hand  side  (Figure  I).  Taylor,  Compagno  and 
Struhsaker  (1983)  reported  similar  scars  on  the  throat  and  behind  the  right  pectoral  fin 
on  the  holotype  of  Megachasma pelagios.  They  suggested  that  these  scars  represent  bite 
marks  of  the  ectoparasitic  cookiecutter  shark,  Isisdus  hrasiliensis,  which  is  known  to 
attack  fishes  and  whales  (Jones  1971).  The  apparently  slow  swimming  speed  of 
megamouth  would  make  it  an  easy  target  for  the  active  cookiecutter  shark  (Diamond 
1985). 

The  measurements  made  on  the  Western  Australian  specimen  were  compared  with 
the  same  measurements  from  the  holotype  (Taylor,  Compagno,  and  Struhsaker  1983) 
(see  Table  1 ).  The  values  for  most  characters  are  similar  in  both  specimens,  but  some  are 
quite  different.  A variety  of  factors  could  be  responsible  for  these  differences,  including 
individual  variation,  the  position  in  which  the  animal  was  laying,  the  easily  deformed 
soft  flesh,  and  its  state  of  preservation. 

Megachasma  pelagios  is  now  known  from  the  central,  eastern,  and  western  Pacific 
Ocean  and  the  western  Indian  Ocean.  All  four  specimens  have  appeared  in  winter 
months,  and  all  four  were  male.  It  is  probable  that  this  species,  like  other  gigantic 
filter-feeding  sharks,  is  wide  ranging,  and  perhaps  Atlantic  specimens  will  eventually  be 
found. 
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Environmentally  induced  subsymmetry  in  the  hermit  crab, 
Calcinus  dapsiles  Morgan  (Decapoda,  Diogenidae). 

Gary  J.  Morgan* 


Hermit  crabs  are  well  known  for  their  adaptations  to  life  in  an  acquired  shelter,  usually 
the  empty  shell  of  a gastropod  mollusc.  In  particular,  the  abdomen  is  usually  dextrally 
coiled,  corresponding  to  the  dextral  twist  of  most  gastropod  shells.  Additionally,  the 
uropods  which  assist  in  grasping  the  inside  of  the  shell  are  usually  very  asymmetrical, 
with  the  left  uropod  much  larger  than  the  right. 

There  are  exceptions  to  this  general  pattern.  The  species  comprising  the  family 
Pylochelidae,  often  referred  to  as  ‘symmetrical  pagurids',  rarely  utilise  gastropod  shells, 
instead  inhabiting  pieces  of  wood,  rock  and  sponge  (Forest  1987).  Within  the  family 
Paguridae,  several  genera,  Orthopagurus,  Pylopagurus,  Xylopagurus  and 
Discorsopagurus,  usually  inhabit  non-coiled  shelters,  especially  serpulid  worm  tubes 
and  scaphopod  shells.  These  hermit  crabs  have  abdomens  and  uropods  that  are  close  to 
symmetrical  (Caine  1980).  In  the  family  Diogenidae,  only  two  genera,  Paguropsis  and 
Cancellus,  are  semi-symmetrical.  The  former  is  monotypic,  P.  typica  Henderson 
enfolding  itself  in  a sea  anemone.  Cancellus  contains  ten  species  inhabiting  soft  rocks, 
wood,  or  pieces  of  coral  or  sponge,  of  which  two,  C.  typus  H.  Milne  Edwards  and  an 
unnamed  species,  occur  in  Australian  waters  (Mayo  1973;  Morgan  1989). 

In  the  above  examples,  habitation  of  a non-coiled  shelter  is  normal  for  the  species  and 
their  symmetrical  morphology  is  so  adapted.  Most  workers  consider  that  the  typical 
asymmetry  of  pagurid  and  diogenid  hermit  crabs  reflects  their  utilisation  of  gastropod 
shells  (e.g.  Neville  1977;  McLaughlin  1983)  and  that  the  symmetry  of  some  genera  is  a 
secondarily  acquired  characteristic  (e.g.  Rabaud  1941;  Russell  1962),  There  are  few 
recorded  examples  of  intraspecific  variation  in  symmetry. 

Calcinus  dapsiles  Morgan,  the  commonest  hermit  crab  in  shallow  habitats  of 
southwestern  Australia  (Morgan  1989)  is  typically  dextrally  coiled  and  asymmetrical. 
The  species  inhabits  a very  wide  variety  of  shells  usually  reflecting  the  most  abundant 
gastropods  in  any  area,  commonly  used  species  being  Thais  orbita  (Gmelin,  1791), 
Turbo  torquatus  Gmelin,  1790,  Thalotia  conica  (Gray,  1827),  Corninella  eburnea 
(Reeve,  1846),  Campanile symbolicum  Iredale,  19 17  and  Australium  squamifera(Y.oc\\, 
1 844).  Recently  a male  specimen  of  C.  dapsiles  (shield  length  4.0  mm)  from  the  mouth  of 
Princess  Royal  Harbour,  near  Albany,  Western  Australia  was  collected  in  an  almost 
straight  length  of  serpulid  worm  tube,  probably  Ficopomatus  sp.  On  extraction  it  was 
found  to  be  far  more  symmetrical  than  is  usual  for  this  species.  The  abdomen  was  very 
weakly  coiled  and  the  uropods  only  slightly  asymmetrical.  Comparison  of  the  specimen 
with  similarly  sized  normal  examples  of  the  species  indicated  that  the  altered  relative 


* Western  Australian  Museum,  f^erth.  Western  Australia  6000. 
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length  of  the  uropods  was  due  more  to  overdevelopment  of  the  right  uropod  than  to 
diminution  of  the  left  (Figure  1). 


Figure  1,  Calcinus  dapsiles  Morgan.  A,  abdomen  and  tailfan  of  aberrant,  subsymmetrical  male  (SL  4.0 
mm,  WAM  564-88),  dorsal  view,  tailfan  reflexed  slightly  for  purposes  of  illustration;  B, 
abdomen  and  tailfan  of  normal  male  (SL  4.3  mm,  WAM  140-88),  dorsal  view;  C,  tailfan  of 
normal  male  (WAM  14088),  dorsal  view.  Scale  = 2.0  mm. 

The  most  likely  explanation  for  this  deviation  from  the  normal  morphology  is  that  of 
environmental  induction.  Presumably  the  animal  had  inhabited  the  worm  tube  for 
sufficient  time  for  the  natural  coiling  of  the  abdomen  to  be  modified.  Gripping  the 
interior  of  a non-coiled  tube  would  be  facilitated  by  uropods  which  were  roughly 
symmetrical,  or  at  any  rate,  very  asymmetrical  uropods  would  not  convey  any 
advantages  in  lodgement.  Hermit  crabs  display  symmetry  or  near-symmetry  as  zoeal 
and  glaucothoe  larvae  and  any  modification  to  the  normal  development  of  asymmetry 
would  presumably  be  more  pronounced  if  the  growing  animal  was  subjected  to 
environmental  influence  early  in  its  development. 

Intraspecific  variation  in  hermit  crab  symmetry  has  occasionally  been  reported 
previously.  Fenizia  (1933)  and  Zibrowius  (1978)  recorded  that  Calcinus  tubularis 
(Linnaeus),  a Mediterranean  species,  often  occurs  in  straight  worm  tubes.  These 
specimens  have  a relatively  straight  abdomen,  while  those  from  coiled  shells  are 
correspondingly  coiled.  Mixtopagurus  paradoxus  A.  Milne  Edwards  from  the 
northwest  Atlantic,  the  only  pylochelid  to  typically  inhabit  gastropod  shells,  shows 
marked  variation  in  symmetry  of  the  uropods  and  telson.  It  is  less  certain  that  this 
variation  corresponds  to  the  shape  of  the  shell  utilised,  however,  as  there  is  no  evidence 
that  the  species  inhabits  anything  but  shells  of  the  gastropod  Xenophora  (Forest  1987). 
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Morphoplasticity  is  recorded  more  commonly  for  species  reflecting  the  shape  of  the 
inhabited  shell  in  their  body  form.  Specimens  of  Dardanus  lagopodes  (Forskal),  a very 
common  species  in  coral  reef  habitats  of  the  Indo-West  Pacific,  are  distinctly  more 
dorsoventrally  flattened  through  the  thorax  if  inhabiting  shells  with  narrow  apertures 
(e.g.  cones)  than  are  specimens  from  more  voluminous  shells  (Ball  and  Haig  1972; 
personal  observations).  Similar  variation  has  been  noted  for  Petrochirus pustulatus  (H. 
Milne  Edwards)  of  west  Africa  by  Forest  (1952)  who  also  recorded  some  variation  in 
Trizopagurus  strigatus  ( Herbst),  an  Indo-West  Pacific  species  typically  occupying  shells 
with  narrow  apertures. 
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A large,  dumbbell-shaped  australite  from  north  of  Hyden, 

Western  Australia 

W.H.  Cleverly* 


A large,  asymmetrical,  dumbbell-shaped  australite  core  (Figure  1)  was  found  in  road 
metal  during  road  construction  c.  21  km  NNW  of  Hyden  at  32'J14’S,  118M8'E.  The 
original  locality  of  the  specimen  may  have  been  one  of  the  numerous  borrow  pits  not  far 
distant  from  the  find  site,  because  the  lateritic  “gravel”  used  on  the  roads  is  an  almost 
ubiquitous  sub-soil  of  the  region. 

Salient  properties  of  the  australite  are  presented  in  Table  1 for  comparison  with  other 
dumbbell  cores  known  to  weigh  more  than  100  g each.  The  Hyden  specimen,  weighing 
130.98  g,  ranks  third  in  weight.  The  dimensions  are  1 13.3  x 32.2(28.2)  x 30.2(27.2)  mm, 
stated  in  the  conventional  form  with  those  of  the  wider  gibbosity  followed  by  those  of  the 
narrower  gibbosity  in  brackets.  The  first  three  specimens  listed  in  Table  1 are  from  the 
western  sector  and  the  fourth  is  from  the  eastern  sector  of  occurrence  of  unusually  heavy 
australites  (Cleverly  and  Scrymgour  1977). 

The  gibbosities  and  waist  of  the  Hyden  specimen  are  slender  compared  with  other 
large  australite  dumbbells  (Table  I ),  but  the  length  of  1 13.3  mm  is  the  greatest  reported 
for  any  australite. 

Table  1 Dumbbell-shaped  australite  cores  weighing  more  than  100  g each 


Weight 

g 

S.G. 

Dimensions 

mm 

Waist 

mm 

Find  Site 

Reference 

176.00 

2.435 

100  X 42(35.8)  X 33.7(25) 

c.  34  X 24* 

Near  Cuballing,  W.A. 

Baker (1966) 

151.29 

2.433 

98.4  X 35-6(35.1)  x 29.6(27.2) 

33.2  X 26.8 

16  km  NW  of 
Ongerup,  W.A. 

Baker  (1967); 
Cleverly  (1974) 

130.98 

2.423 

1 13.3  X 32.2(28.2)  x 30.2(27.2) 

21.6  X 19.6 

21  km  NNW  of 
Hyden,  W.A. 

This  paper 

115.75 

2.467 

74.9  X 36(33.4)  x 29.7(24.8) 

c.  35  X 24* 

Laing,  Vic. 

Baker (1969) 

*Estimated  from  Baker's  illustrations. 


No  rim  is  evident  and  the  equatorial  zone  is  represented  only  by  two  — possibly  three 
— small  circular  depressions,  the  largest  6 mm  diameter  with  circumferential  U-grooves. 
These  circular  features  were  “flake  scars”  formed  during  loss  of  the  stress  shell  and  since 
severely  corroded  (Figure  IB). 

The  flight  orientation  adopted  for  Figure  I is  based  upon  the  greater  abundance  of 
U-grooves  (worm  grooves,  gutters)  on  one  set  of  surfaces  (Figure  IC)  relative  to  the 


*Western  Australian  School  of  Mines.  PO  Box  597,  Kalgoorlie,  Western  Australia  6430. 
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opposing  surfaces  ( Figure  I A).  The  development  of  such  grooves  by  solution  etching  in 
soils  occurs  preferentially  on  anterior  surfaces  created  by  loss  of  the  aerothermal  stress 
shell  (Chapman  1964).  There  are  probably  small,  secondary,  residual  strains  within  those 
surfaces.  However,  grooves  may  occasionally  be  equally,  or  even  more  abundantly 
developed  on  posterior  surfaces  where  there  are  residual  strains  dating  from  shape 
development  and  consolidation  of  the  primary  tektite  body.  An  australite  found  only  1 7 
km  N of  the  Hyden  specimen  and  having  grooves  equally  developed  on  the  anterior  and 
posterior  surfaces  has  been  described  by  Baker  ( 1961 ).  Thus,  the  orientation  adopted  for 
Figure  1 is  uncertain. 


Figure  1 Asymmetrical  dumbbell-shaped  australite  core  from  21  km  NNW  of  Hyden,  Western  Australia, 
natural  si/e.  A.  Posterior  surface  of  flight.  B.  Side  view  (lower  side  of  A)  with  direction  of  flight 
towards  bottom  of  page.  Obliquely  lighted  to  show  corroded  remnants  of  two  (three?)  “flake 
scars”  above  and  to  left  of  centre.  C.  Anterior  view  showing  abundance  of  transverse  U-grooves 
and  some  flattening  of  smaller  gibbosity  caused  by  flake  loss  followed  by  severe  corrosion. 
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Most  of  the  U-grooves  are  oriented  normal  to,  or  obliquely  across,  the  length  of  the 
dumbbell.  This  orientation  is  quite  unlike  the  usual  meandrine  pattern  C’worm  grooves^) 
on  surfaces  created  by  loss  of  the  stress  shell.  It  is  suggested  that  the  pattern  on  the 
dumbbell  may  be  related  to  a considerable  increase  in  the  length/ width  ratio  — usually 
known  as  the  “elongation”  of  an  australite  — during  rotation  of  the  primary  tektite  mass. 
The  original  elongation  may  have  been  little  different  from  unity  (spherical  form).  The 
elongation  of  the  primary  dumbbell  body,  allowing  for  a stress  shell  up  to  4 mm  thick, 
was  more  than  three. 

The  low  specific  gravity  of  2.423  matches  those  of  other  large  australites  found  in 
south-western  Australia.  The  mean  specific  gravity  and  SD  for  30  large  australites  from 
that  region  weighing  more  than  100  g each  are  2.425  ± 0.012  (Cleverly  1974,  1981; 
Scrymgour  1977). 
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Occurrence  of  the  barnacle  Tesseropora  rosea  (Krauss)  (Thoracica, 
Balanomorpha,  Tetraclitidae)  in  western  Australian  waters. 

Diana  S.  Jones* 

Tesseropora  rosea  was  originally  described  from  one  specimen  collected  at  Algoa  Bay, 
South  Africa  (Krauss  1848).  Darwin  (1854)  recorded  material  from  eastern  Australia 
and,  after  examining  the  unique  South  African  specimen  commented  (p.  335)  There  can 
be  no  doubt  of  the  identify  of  the  African  and  Australian  specimens.  It  is  a singular 
circumstance  that  the  same  species  should  occur  in  these  two  distant  places,  and,  as  far  as 
at  present  known,  not  in  the  intermediate,  more  tropical  coasts’.  The  species  has  not  been 
collected  either  in  South  Africa,  or  on  the  ‘intermediate  more  tropical  coasts’  since  that 
time.  However,  as  well  as  eastern  Australia,  the  species  is  also  known  from  Lord  Howe 
Island  and  the  Kermadec  Islands  (Endeane^/^?/.  1956a,  1956b;  Foster  1978;  Anderson  & 
Anderson  1985). 

In  eastern  Australia  T rosea  occurs  between  lat.  I9<’S  and  38^  and  has  never  been 
recorded  from  western  areas  of  the  continent.  The  species  occurs  abundantly  in  exposed 
coastal  areas  and  on  flat  rock  platforms  which  are  subjected  to  strong  wave  action, 
extending  from  between  just  above  mean  low  water  neap  to  mean  high  water  neap  tidal 
levels  (Pope  1945;  Dakin  et  al.  1948,  1953;  Denley  & Underwood  1979;  Anderson  & 
Buckle  1983;  Anderson  & Anderson  1985). 

In  1986  three  live  specimens  of  T.  rosea  were  collected  on  intertidal  granitic  rocks  at 
Cottesloe,  Western  Australia,  by  Ms  L.M.  Marsh  (WAM  crustacean  registration 
number  W AM  2347-86).  Since  1986  four  isolated  large  individuals  of  T.  rosea  have  also 
been  observed  at  the  South  Groin  and  Success  Harbour,  Fremantle,  W.  A.  The  cirripede 
collection  in  the  Western  Australian  Museum  also  includes  three  dry  specimens  of  T. 
rosea  coWQCicd  at  Garden  Island  and  Cockburn  Sound,  W.A.,  in  1948  and  1969  (WAM 
536-86,  775-86). 

More  than  one  zoogeographic  hypothesis  may  be  put  forward  to  account  for  the 
occurrence  of  these  isolated  specimens  of  T.  rosea  in  Western  Australia.  The  competing 
hypotheses  of  natural  oceanic  dispersal  versus  man-aided  transportation  will  be 
considered. 

T.  rosea  is  known  for  an  odd  disjunction  (present  in  the  Kermadec  Islands  but  absent 
from  New  Zealand),  showing  that  isolated  populations  do  occur.  The  marine 
invertebrate  fauna  of  southern  Australian  waters  is  not  well  known.  Womersley  & 
Edmonds  ( 1958)  pointed  out  the  dearth  of  information  on  intertidal  ecology  and  marine 
coastal  zonation  in  western  areas  of  the  continent.  An  apparently  disjunct  distribution  of 
a species  in  these  southern  areas  may  therefore  merely  reflect  a limited  collecting  effort 


* Department  of  Aquatic  Invertebrates,  Western  Australian  Museum,  Francis  Street,  Perth,  Western 
Australia  6000. 
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rather  than  the  true  natural  geographic  range  of  the  species.  I n eastern  Australia  the  most 
southerly  record  of  T.  rosea  is  Bastion  Point,  Malacoota,  Victoria,  37^35'S,  149^45'E 
(Australian  Museum,  specimen  no.  P2 1 1 47)  and  the  most  westerly  record  of  the  species 
is  Inverloch,  Victoria,  38038'S,  134^44'E  (Marine  Research  Group  of  Victoria  1984).  No 
other  records  of  T.  rosea  occurring  in  the  waters  of  southern  or  south-western  Australia 
are  known  until  those  contained  in  the  present  contribution.  In  a zoological  survey  of 
Adelaide  beaches  Johnston  & Mawson  (1946)  did  not  record  T.  rosea  and  this  species 
was  not  recorded  from  intertidal  rock  platforms  at  Kangaroo  Island  (Edmonds  1948), 
nor  was  it  considered  to  be  part  of  the  South  Australian  marine  fauna  (Womersley  and 
Edmonds  1952,  1958).  During  the  past  five  years  the  Western  Australian  Museum  has 
carried  out  a systematic  survey  of  littoral  barnacles  in  south-western  Australia,  between 
Cape  Naturaliste  (33®32'S,  l!5^0rE)  and  Esperance  (33®52'S,  121^54'E).  Collections 
were  made  in  intertidal  areas  where  T.  rosea  could  be  expected  to  occur,  but  the  species 
was  not  obtained  in  these  surveys. 

Although  T.  rosea  is  not  ecologically  prevelant  in  Western  Australia,  the  possibility 
that  the  species  does  occur  in  very  low  numbers  cannot  be  disregarded.  Its  occurrence  at 
Fremantle  may  represent  the  edge  of  an  ecological  range,  or  the  establishment  of,  or 
conversely  the  demise  of,  a population.  Fremantle  lies  within  the  latitudinal  range  of  the 
species  both  in  eastern  Australia  and  the  Kermadec  Islands.  The  conspicuous  absence  of 
the  temperate  Australian  cirripedes  Chamaesipho  tasmanica,  Catomerus  polymerus 
and  Chthamalus  antennatus  from  Western  Australian  shores  has  been  explained,  in 
part,  by  a lack  of  larval  recruitment,  due  to  prevailing  along-shore  currents  flowing  from 
w'est  to  east  in  southern  Australian  areas  (Jones,  in  press).  It  is  unlikely,  therefore,  that 
the  Fremantle  specimens  of  7".  rosea  represent  outliers  of  the  eastern  states  population, 
dispersed  by  along-shore  currents. 

The  second  hypothesis  considers  man-aided  dispersal.  Fremantle  is  a major  port  area 
and  Garden  Island  and  the  adjacent  Cockburn  Sound  are  shipping  and  anchorage  areas. 
It  would  be  possible  for  adults  of  T.  rosea  to  be  transported  as  a fouling  organism  on 
ships’  hulls,  or  their  larvae  transported  in  water-intake  ducts  and  chambers,  etc.  The 
ship-aided  dispersal  of  the  Australasian  barnacle  Elminius  rnodestus  Darwin  into 
Europe  at  the  beginning  of  World  War  11  and  its  more  recent  spread  along  Atlantic 
shores  is  well  documented  (Bishop  1947,  1951;  Southward  & Crisp  1963).  However,the 
Tetraclitidae  in  general  are  not  considered  to  be  fouling  organisms.  The  fact  that  T.  rosea 
has  never  been  recorded  from  wooden  substrata  (Pope  1945;  Daniel  1972)  adds  further 
weight  to  the  argument  that  the  species  is  unlikely  to  be  a fouler  and,  therefore,  unlikely 
to  be  introduced  in  this  manner.  Furthermore,  due  to  faster  boats,  shorter  harbour 
berthing  periods  and  the  development  of  antifouling  technology  the  likelihood  of  fouling 
as  a dispersal  mechanism  is  becoming  less  (Williams  et  al.  1982;  Carlton  1985). 

Studies  on  the  ballast  water  of  bulk  cargo  vessels  have  shown  that  live  organisms  can 
survive  transportation  and,  when  discharged  with  the  ballast  water,  can  settle  and 
establish  viable  populations  (Carlton  1985).  Barnacle  larvae  have  been  commonly 
recorded  as  having  survived  transport  in  ballast  water  (Howarth  1981;  Carlton  et  ai 
1982)  and  Carlton  (1985)  has  suggested  that  ballast  water  may  have  played  a role  in  the 
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dispersal  of  certain  barnacles  — viz.  Balanus  eburneus  Gould,  B.  suhalhidus  Henry. 
Ballast  water  is  frequently  discharged  within  the  limits  of  the  harbour  at  Fremantle,  with 
some  exchange  occurring  before  entry  to  the  harbour  ( Hutchings  t'/  al.  1987).  Therefore, 
ballast  water  transport  could  be  the  dispersal  agent  for  the  introduction  of  barnacle 
nauplii  and  cyprids  into  the  waters  of  Fremantle  harbour,  Cockburn  Sound,  Garden 
Island  and  Perth  metropolitan  beaches.  Whatever  the  means  of  introduction  and  the 
dispersal  mechanism,  T.  rosea  appears  to  have  become  established,  albeit  in  small 
numbers,  in  the  Fremantle  area  since  1948. 

Breeding  populations  of  introduced  molluscan  species  in  the  Swan  River  estuary  and 
Cockburn  Sound  are  known  (Wilson  & Kendrick  1968;  Slack-Smith  & Brearley  1987) 
and  ballast  water  transportation  or  ship  fouling  have  been  postulated  to  explain  their 
presence  in  Western  Australia  (Carlton  1985;  Hutchings  ef  al,  1987;  Slack-Smith  & 
Brearley  1987).  In  the  past  15  to  20  years  over  a dozen  exotic  marine  species  have  been 
detected  in  Western  Australian  waters  (Hutchings  et  ^!.  1987,  Table  1).  The  majority  ol 
these  species  occur  in  the  Swan  River  estuary  and  lor  a number  of  these  introductions 
ballast  water  has  been  suggested  as  a dispersal  mechanism.  Williams  ei  al.  (1982)  stated 
that  in  Australia  there  are  no  treatment  facilities  for  ballast  water  or  mud,  the  method  of 
dispersal  being  overboard  discharge.  These  authors  also  predicted  that,  since  over 
one-half  of  the  total  ballast  water  dumped  in  Australia  is  dumped  in  Western  Australia, 
this  state  must  be  at  most  risk  to  introductions  via  ballast  water.  The  increase  in  the 
number  of  exotic  species  in  Western  Australian  waders  should  be  monitored  since  some 
of  these  species  have  the  potential  to  become  pests,  or  to  exclude  native  species  by 
competition. 
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A new  Lerista  (Lacertilia:  Scincidae)  from  the  Pilbara 

G.M.  Storr* 


In  a revision  of  Lerista  frost  i and  allies  (Storr  1985:  3 1 1),  1 mentioned  a specimen  from  coastal 
Pilbara  too  different  to  include  in  either  L.  chalyhura  or  L.flammicauda  from  the  hilly  interior 
of  that  region.  That  specimen  is  now  formally  described. 


Lerista  concolor  sp.  nov. 

Figure  1 

Holotype 

R70741  in  Western  Australian  Museum,  collected  on  3 August  1980  by  W.H.  Butler  on  the  Maitland 
River,  25  km  SE  Karratha  HS,  Western  Australia,  in  2l^0rS,  1 16‘48'E. 

Diagnosis 

A slender  Lerista  with  4 fingers,  4 toes  and  movable  eyelids,  distinguishable  from  L. 
chalybura  and  L.  flammicauda  by  its  smaller  ear  aperture  (only  slightly  larger  than 
nostril),  shorter  foreleg  (50%  of  hindleg,  v.  56-69%),  patterned  (rather  than  plain)  back, 
weak  (rather  than  strong)  upper  lateral  stripe,  and  tail  concolorous  with  back  (rather 
than  brightly  coloured). 

Description  (of  holotype,  the  only  available  specimen) 

Snout-vent  length  52  mm.  Length  of  appendages  (%  of  SVL):  foreleg  10;  hindleg  20. 
Nasals  narrowly  separated.  Prefrontals  widely  separated.  Frontoparietals  in  long 
contact.  Supraoculars  3,  first  two  in  contact  with  frontal.  Supraciliaries  5,  second  and 
fifth  smallest.  Upper  labials  6.  Midbody  scale  rows  20.  Lamellae  underthirdtoe  17,each 
with  a fine  weak  keel. 

Upper  surfaces  olive  brown,  back  with  four  longitudinal  series  of  short  dark  greyish 
brown  dashes  (outer  pair  extending  only  to  base  of  tail).  Dark  greyish  brown  upper 


Figure  1.  Head  of  holotype  of  Lerista  concolor. 


* C/o  Western  Australian  Museum,  Perth,  Western  Australia  6000. 
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lateral  stripe  half  a scale  wide,  upper  edge  straight,  lower  edge  irregular.  Remaining 
lateral  and  under  surfaces  pale  olive  brown  except  for  brown  vertical  bars  on  lips  and 
greyish  brown  vermiculations  on  lateral  and  lower  surfaces  of  tail. 

Distribution 

Only  known  from  one  locality  on  the  north-west  coastal  plain  of  Western  Australia 
(see  map  in  Storr  1985:  309). 

Derivation  of  name 

Latin  for  similarly  coloured,  i.e.  back  and  tail. 


Reference 

Storr,  G.M.  (1985).  Revision  of  Lerista  frosti  and  allied  species  (Lacertilia:  Scincidae).  Rec.  West.  Aust. 
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Subject  Matter 

Reviews,  observations  and  results  of  research  into  all  branches  of  natural  science  and  human 
studies  will  be  considered  for  publication.  However,  emphasis  is  placed  on  studies  pertaining  to 
Western  Australia.  Full  length  papers  should  not  normally  exceed  30  typed  pages.  Short 
communications  should  not  normally  exceed  three  typed  pages  and  this  category  of  paper  is 
intended  to  accommodate  observations,  results  or  new  records  of  significance,  that  otherwise 
might  not  get  into  the  literature,  or  for  which  there  is  a particular  urgency  for  publication.  All 
material  must  be  original  and  not  have  been  published  elsewhere. 

Presentation 

Authors  are  advised  to  follow  the  layout  and  style  in  the  most  recent  issue  of  the  Rec.  West. 
Aust.  Mus.  including  headings,  tables,  illustrations  and  references. 

The  title  should  be  concise,  informative  and  contain  key  words  necessary  for  retrieval  by 
modern  searching  techniques.  Names  of  new  taxa  must  not  be  included.  An  abridged  title  (not 
exceeding  50  letter  spaces)  should  be  included  for  use  as  a running  head. 

An  abstract  must  be  given  in  full  length  papers  but  not  short  communications,  summarizing 
the  scope  of  the  work  and  principal  findings.  It  should  normally  not  exceed  2%  of  the  paper 
and  should  be  suitable  for  reprinting  in  reference  periodicals.  Contrary  to  Recommendation  23 
of  the  International  Code  of  Zoological  Nomenclature  it  may  include  names  of  new  taxa. 
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